HAZARDOUS CHEMICAL VAPOR HRNDBOOg FOR MARINE TANK

VESSELSCU) SOUTHHWEST RESEARCH INST SAN ANTONIO TX
W J ASTLEFORD ET AL. OCT 83 USCG-D-12-83
DOT-CG-964571-A F/G 9/2

|
L
N
N
A
N
I
I
I
I
I

N




‘ ”’” [0 & B2 s
=k
. ] £ j2o
i — fle

23 e e

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF S1anpags 194 A




I A R

Oy .Y .. .

AD A128’768

T FLE copy

B Tt i Sl Sdh S

ReportNo. €6-D-12-83

HAZARDOUS CHEMICAL VAPOR HANDBOOK
FOR MARINE TANK VESSELS

W. J. ASTLEFORD
T. B. MORROW
J. C. BUCKINGHAM

FINAL REPORT - PHASE II

(‘ MAY 1979 - OCTOBER 1983

This document is available to the U.S. public through the National
Technical Information Service, Springfield, Virginia 22161

Prepared for:
U.S. Departmentof Transportation

United States Coast Guard

Office of Researchand Development
Washington, D.C. 20593

.(A N *
- _
b &Z«."
an?
,
i

DTIC

ELECTE
MAY 3 1 1983 ¢




- S e - it v - DI S A At Ol A B 4 R A A A e -

e NOTICE

2 This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
F‘ States Government assumes no liability for its contents or use thereof.

The contents of this report do not necessarilv reflect the official view
or policy of the Coast Guard; and they do not constitute a standard,
specification, or regulation.

This report, or portions thereof may not be used for advertising or
sales promotion purposes. Citation of trade names and manufacturers
does not constitute endorsement or approval of such products.

v f.'.'.".-" acs

A SRRt

Y




Technical Report Documentation Page

“ 1. Report No. 2. Government Accession No. 3. Recrprent’s Catalog No.

: con12-8) ADMag e

4. Title and Subtitie 5. Report Date -
Hazardous Chemical Vapor Handbook for Marine April 1983

. Tank Vessels 6. Performing Organization Code

L ] 06-5686

8. Performing Organization Report No.

7. Author's) y_ J, Astleford, T. B. Morrow,
J. C. Buckingham

9. Performing Orgonization Nome ond Address 10. Work Unit No. (TRALIS)
L Southwest Research Institute
’ P. 0. Drawer 28510 11. Contract or Grant No.
: 6220 Culebra Road DOT-CG-904571-A
L San Antonio, Texas 78284 13. Type of Report and Period Covered
‘- 12. Sponsoring Agency Name and Address Final Report - Phase Il
& U.S. Coast Guard May 1979 - October 1983
- 2100 Second Street, S.W.
N Washington, D.C. 20593 14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

- /The U.S. Coast Guard has regulatory responsibility for the safety of vessels and
equipment that are used in the transport of bulk chemicals by water and for the
occupational health of the personnel that are involved in marine chemical operations.
This responsibility is discharged, in part, by the application of the Coast Guard's
Hazard Assessment Computer System (HACS). Currently, HACS consists predominantly of
several computer codes for analytical models that describe the fate of hazardous
materials that are accidentally released into navigable waters and the atmosphere.
HACS has been successfully used (1) to retrospectively analyze accident scenarios,
(2) to provide decision making information to response team personnel in the field
immediately following an incident, and (3) as a training aid for prospective analysis
of hazardous releases.
*3The Coast Guard recognized that HACS did not include models that describe cer-
tain ship operations that are non-accidental in nature but could have an impact on
health and safety, nor was there a data base for model development. To this end the
Coast Guard initiated a two-part research program entitled “Investigation of the
Hazards Posed by Chemical Vapors Released in Marine Operations.”
Models have been developed for:

. near-field atmospheric dispersion of heavier-than-air chemical vapors

that are discharged from a tank during loading, and

o gas freeing and entry of cargo tanks.
This manual 1s intended for the CG Hazardous Material Specialist, and is designed as
a step-by-step guide to the structure and usage of three computer programs—ONDEK,

8
E-
2
v
3

YTV TIT v

17. Key Words ' 18. Distribution Statement TANKM, and TANK j
J Tankers and barges Vapor Dispersion T
r Chemicals Analytical model- This document is available to the U.S.
- Cargo transfer ing public through the National Technical
- Flammability Tank ventilation Information Service, Springfield,
v Toxicity Evaporation Virginia 22161.
b
". 19. Security Classif. (of this report) 20, Security Classif. (of this page) 21. No. of Pages | 22, Price
-l
X Unclassified Unclassified 265
Form DOT F 1700.7 (8-72) Reproduction of completed page authorized
8 |

e aa r oad




g
.

".v-_vrvvv'v.-v-v--v-_-',vy'rv_ m
e . L. - .

v -.w T "r-.. T

II.

I1I.

TABLE OF CONTENTS

Page
Arcesston Ter
LIST OF FIGURES - —as T v
N1 [3 L--\:‘al
LIST OF TABLES rTic 148 L vi
Uranasiused .
GLOSSARY OF TERMINOLOGY Justigleation-————7 4y
INTRODUCTION By - 1
Distribution/ .
I.1 Historical Background Availability Codes ' 1
1.2 Scope of the Manual " iavall ond/er o2
I.3 Manual Organization pist | Special 2
I.4 Computer Program Organizatiqn ] ’ 3
TANK VENTILATION MODELS ﬂ i . 7
I1.1 Tank Cleaning Scenarios 7
II.2 Elements of Program TANKM 8
I1.2.1 Model Description Summary 8
11.2.2 Input Data Requirements 13
11.2.3 Default Options 13
I11.2.4 Program Output 26
11.2.5 Hazard Assessment 29
11.2.6 Example of TANKM 33
I1.3 Elements of Program TANKP 45
I1.3.1 Model Description Summary 45
I1.3.2 Input Data Requirements 48
I1.3.3 Default Options 53
11.3.4 Program Output 54
I1.3.5 Hazard Assessment 58
11.3.6 Example of TANKP 59
I1.4% Flow Charts for PRETNK, TANKM and TANKP 72
II.5 Model Limitations 72
PLUME DISPERSION MODEL 81
I1I.1 Vapor Emission Scenarios 81
111.2 Elements of Program ONDEK 85
II1.2.1 Model Description Summary 85
II1.2.2 1Input Data Requirements 92
I11.2.3 Default Options 94
I1I1.2.4 Program Output 97
I11.2.5 Hazard Assessment 104
111.2.6 Flow Charts 105
I11.2.7 Example 127

1ii

nrewp




M S ren aves B ek et snee o Camet -
LA M A L S Sl S A )\ - .

TABLE OF CONTENTS (CONTD)

Page
‘ I1I1.3 Limitations of the ONDEK Model 139
REFERENCES 141
: APPENDIX A Program Listings for:
. PRETNK (Interactive Driver) A-1
% TANKM A-2..
o TANKP A-4
APPENDIX B Program Listing for the ONDEK Plume
:‘ Dispersion Model ' B-1
e APPENDIX C Program Listing for the ONDEK3 Plume
.. Dispersion Model c-1
b APPENDIX D ONDEK3 Output for VAM Barge Loading,
Example of Section III.2.4 D-1
APPENDIX E ONDEK3 OQutput for Benzene Barge Loading,
Example of Section ITI.2.7 E-1
iv

= s s = e e s L mlwls A A A a aalala & a'la ala & .- . mlm_ =l ataldtadoa.to oL



Figure No.

10

11

12

- 13
[
b

) oo 2m) N
- . ., .

T

Y-‘ ..,,.‘,

v—v—w

T T——— P W P =y — — T — -

LIST OF FIGURES

Vapor Emission During Cargo Loading

Vapor Concentration at the Tank Vent Measured
During Loading of Methanol into a Dedicated Tank

Vapor Concentration at the Tank Vent Measured
During Loading of Ethanol into a Clean, Gas Free
Tank

Summary of Input Data for Example of Vinyl
Acetate Loading into a Barge

Computed Values of the Plume Variables for the
Output Example of Vinyl Acetate Loading into a
Barge

Graph of Plume Centerline Comncentration Versus
Downwind Distance for the Output Example of Vinyl
Acetate Loading into a Barge

Graph of Vapor Concentration at Man Breathing
Height Versus Downwind Distance for the Output
Example of Vinyl Acetate Loading into a Barge

Graph of Vapor Concentration Contours at Man
Breathing Height Downwind of a Vent for the
Output Example of Vinyl Acetate Loading into
a Barge

Summary of Input Data for Benzene Loading
Example

Computed Values of Plume Variables for Benzene
Barge Loading Example

Graph of Plume Centerline Concentration Versus
Downwind Distance for Benzene Barge Loading
Example

Graph of Vapor Concentration at Man Breathing
Height Versus Downwind Distance for Benzene Barge
Loading Example

Contour Plot of Concentration at Man Breathing Height

for Benzene Barge Loading Example

" L-‘-ivvv"-vv-q
. i

83

84

98

99

101

102

103

134

135

136

137

138




RS MDA

‘7;“ .‘ v.‘ ‘-' .

.

T Tl

Table No.

I1
I1I

IV

C 2 St ekl

LIST OF TABLFES

Correlating Congtants and FEquations for

Calculating Y1
Input Data Requirements for TANKM
Input Data Requirements for TANKP

Chemical Properties for Use with the
ONDEK Program

vi

m e A’ aia 4 tamom. oA a®a o tala e taha%at oMo otosoLeY o wma e

Page

14
15

49

93




ek PR R Sn Ay S o Y caeur o

Y

LD bt

ACGIH

CHRIS
HACS
1/0
LEL
ONDEK
ppm
SwRI

TANKM

TANKP

tv
TLV-C
TLV-STEL
TLV-TWA
UEL

USCG

2

GLOSSARY OF TERMINOLOGY
American Conference of Governmental Industrial
Hygienists
Chemical Hazards Response Information System
Hazard Assessment Computer System
Computer program input/output
Lower explosive limit
Model name for atmospheric dispersion of vapors
Concentration in parts per million by volume
Southwest Research Institute

Model name for gas freeing of cargo tanks that
contain residues of chemical in wash water

Model name for gas freeing of cargo tanks that
contain residues of pure chemical

Turbulence level value

Ceiling exposure limit

Short term exposure limit

8~hour time weighted average threshold limit value
Upper explosive limit

United States Coast Guard

Video display terminal

vii

W TN T W T W T TN W e




4

RN AN S D At oA RaChiis et

1. INTRODUCTION

I.1 Historical Background

The U. S, Coast Guard has regulatory responsibility for the safety
of vessels and equipment that are used in the transport of bulk chemicals
by water and for the occupational health of the personnel that are involved
in marine chemical operations. This responsibility is discharged, in part,
by the application of the Coast Guard's Hazard Assessment Computer System
(HACS). Currently, HACS consists predominantly of several computer codes
for analytical models that describe the fate of hazardous materials that
are accidentally released into navigable waters and the atmosphere. HACS
has been successfully used (1) to retrospectively analyze accident sce-
narios, (2) to provide decision making information to response team person-
nel in the field immediately following an incident and (3) as a training

aid for prospective analysis of hazardous releases.

The Coast Guard recognized that HACS did not include models that
describe certain ship operations that are non-accidental in nature but
could have an impact on health and safety, nor was there a data base for
model development. To this end the Coast Guard initiated a two-part re-
search program entitled "Investigation of the Hazards Posed By Chemical
Vapors Released in Marine Operations.'"  Among the objectives of Phase 1
of the program were to (1) establish and document potentially hazardous
tanker/barge operations in marine terminals, (2) identify those operations
that are amenable to analytical modeling, (3) construct an initial formula-
tion of analytical models that describe these operations, (4) design a test
plan for acquiring model validation data, and (5) conduct exploratory tests
under that plan. At the conclusion of Phase I, preliminary models had

been developed for

o near-field atmospheric dispersion of heavier-than-air
chemical vapors that are discharged from a tank during
1lcading, and

o gas freeing and entry of cargo tanks.

Phase II of the program consisted of implementing the Phase I test plan and
refining the models. The details of the Phase T and Phase II studies are

presented in References 21 and 13.




1.2 Scope of the Manual

C! This manual {s I{ntended tTor the Coast Cuard Hazardous Materta
Speclalist, and It 1a destpned to be a step=by=step gulde to the siructuare

and usage of three computer vrograms,

o ONDEK Atmospheric dispersion of cargo vapor that is discharged
- from a tank during product loading or gas freeing.
o TANKP -~ Gas freeing of a tank in the presence of evaporation

3 of pure product residues.

o TANKM -~ Gas freeing of a tank in the presence of evaporation
of residual chemical from a water solution,
1.3 Manual Organization

In this manual, the description of each program follows a uniform
format., This format is presented below together with a brief statement

of each element in the format.

o Model Description Summary - This section describes the model, the

technical basis for the model both in theory and practice, the
scenarios for which the model is designed and the model limita-
tions. Detailed analytical derivations and sets of governing

equations are not contained in this manual but are presented in

the Final Report for Phase I1 of this project (Reference 13).

o Input Data Requirements - All input data is presented in tabular

form in the order that it iIs requested by the interactive driver,

The tabulation includes the physical variable name, the equiv-

a4 1 v n ‘u"‘vv‘i‘ ' ',..

alent program code and the expected units,

Y W T T
NE A S

o Default Options - Certain pileces of input data are assumed to

be known, e.,g. chemical properties, Other inputs that pertain
to ship/barge operations may or may not be availahle. In

these latter cases, the interactive driver asks the user a

Ny

R NN N

question regarding the availability of data. If the user re-
sponds negatively, the interactive driver will present a
series of default options from which the user can make a

selection. These sections of the manual present the various

vy
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1.4

default options and their basis in the order in which they

may be encountered,

n Program Output - Program output consists of tabular data and

computer~generated graphs. The tables may contain the plotted
variables and other internally computed variables. In this
section of the manual, the output variables are defined by
physicai name, corresponding program code and the applicab

units.

o Hazard Assessment - The basic program outputs are either c ical

vapor concentration-time histories or vapor concentration

files in space. In the case of tank entry following tank . . in-
ing, the programs make an interpretation of the in-tank work
environment based on accepted occupational exposure guidelines,
A similar assessment of the on-deck environment is neither
warranted nor entirely feasible due to the unconstrained, random

nature of deck work.

o Examples - Each program description includes a computer-
generated example, .Each example is preceded by a brief
discussion of the problem that is being simulated, followed
by an I/0 listing and finally discussion of the results as

appropriate.,

o Flow Charts ~ Each program is flow charted to indicate primary
decision points and the major program operations., For clarity,

minor IF statements and DO loops have been omitted.

o References - Primary references are cited to support the model

description.

o Program Listings - Hard copy listings of all programs are

presented in the appendices.

Computer Program Organization

All of the computer programs that are contained in this manual have

been written in Fortran IV language and have been executed on both the

PR P S S SN PP SR
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Digital Equipment Corporation PDP-1170 and the Control Data Corporaticen
Cyber 172 gsystems. The progrumming 'anguage is compatible with 1uac

HACS software packages.

The programs that are described in thi<c manual are stand-alone
in nature and can be executed Iindependently of the current HACS svatem,
They each contain several features that are consistent with the HACUS

philosophy and will faciiitate Integration into the HACS svstem,

o] Access to the main program is controlled by an indeperdant,
interactive driver. Through a Videc Display “erminal (VD7)
or a hard copy input writer, the driver controls tle flow oy
user provided input data and guides the user te default decisions

when input data are not known or are not available.

0 The driver controls the transfer of data from the driver to the

main program.

o] The main program controls data output and is sinported by separate,

special-purpose subroutines such as integration and plot routines.

During preparation of these models and this manual, the HACS
Operations and User's Minual were reviewed, and there was an opportunity
to observe execution of the HACS from a remnte terminal. These efforts
identified additional features that are currently contained in HACS but
could not be conveniently incorporated into the models that are described
in this manual., These features, which will need to be recognized during

program integration, are enumerated helow.

o In this manual, chemical property data are input by the user.
Integration will require eliminating this input mode and re-
placing it with programmed access to the HACS Chemical Property

Data File.

o The input and computed values of program variables are not
currently screened to determine if they fall within a min-max

acceptance range as is don» in HACS,

o At the conclusion of data input, the driver programs do not
give the user an opportunity to review and possibly change

data before executing the main program.

PR P - s PP, W S G ST Y I S N O W WP S T YU -
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At the conclusion of data input, execution {s initiated, and
output of tables and graphs 1s displayed on a VDT. The plot
routines are an integral part of the USCG HACS System and are
not available in the open literature. WNon-USCG program users
will need to interface an appropriate plot routine with the
programs. This entire manual and the plot routines are geared

toward execution on the USCG HACS System.

Following output of data, the program logic is not currently
in place which would permit the user to change one or more pieces
of input data and then rerun the updated case as can be performed

on HACS.
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Il. TANK VENTI.ATION MODELS

II.1 Tank Cleaning Scenarios

There are many reasons for cleaning cargo tanks on parcel chemical/

product tankers and barges, and they include

o

(o]

preparation for change of cargo grade,

insuring product puritv (no cross contamination) when the

same product is back-~loaded into the tank,
periodic USCG inspection of tank internals,
preparation for hot wurk,

inspection of tank coating materials, and

repalr of in-tank equipment such as closed gauging

systems.

The cleaning operation may or may not include a water wash that precedes

gas freeing or ventilation. However, in each case gas freeing is followed

by man-entry to accomplish either inspection, repair or manual cleanup

of residues and debris.

Two tank cleaning scenarios have been defined based on field observa-

tion, and they are described by the models TANKM and TANKP.

TANKM - This model assumes that the tank has been water washed.

Following washing and stripping of slops, a residual
quantity of liquid in the form of a chemical-water solu-
tion remains on the tank bottom. Gas freeing is accom-
plished by dilution ventilation that is provided by deck
mounted blowers. The model predicts the concentration-
time history of chemical vapor in air at the ventilation
discharge and includes the effect of regeneration of pro-

duct vapor from the aqueous solution.

TANKP - This model assumes that the tank is not washed. Gas

freeing begins following product discharge, and the

Aed mkad
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model includes the offect of evaporation of pure product

residues.,

In roughly 80 percent of the field tests that werc conducted to support

the model development, the tanks were washed prior to gas freeing.

I1,2 Elements of Program TANKM

) IT1.2.1 Model Description Summary

- The TANKM model is based on the numerical integration of

: two coupled, time-dependent ordinary differential equations. These

[" equations represent the conservation of mass of (1) the chemical species
in the vapor space above the residual binary solution on the tank bottom
and (2) the chemical species in the aqueous solution. The two differential
equations are coupled through an interface condition that describes mass
transfer between the liquid and vapor phases. The formulation is com-
pleted by specifying appropriate initial conditions for both liquid and

vapor phase concentrations.

A mass balance in the vapor phase yields

to the vapor phase from the aqueous soluticn.

Thls equation assumes that the concentration in the vapor phase is well-

de

’V"g;- = -CVQ + AF (1)
| where ‘¥ = tank volume
h Cv = mass concentration of vapor in air
t, Q = blower flow rate
f? A = residual liquid surface area
g' F = net flux of chemical between liquid and vapor i
> phases. F 1is positive when mass is transferred %
>t
b
Vo
-

mixed and uniform; there are no spatial variations in concentration,

.
L
:{ Similarly, a mass balance on the chemical in the liquid
E phase results in Equation 2.
i-.“ ___I_L_= -F/8 (2)
- dt
8
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where C = mass concentratfon of chemical (solute)
{n water (solvent)
6

residue thickness

The interface condition that describes the flux term F

is based on the two-layer film model in Reference 1.

F = KoL (cL - CV/H) (3)
where KOL = overall mass transfer coefficient
referenced to the liquid plase
H = Henry's law constant or partition
coefficient

This flux model assumes that both the bulk liquid and vapor phases are
well mixed and concentration gradients exist only within the thin two-

layer interface film.

Appropriate initial conditions are

at t =0 (8)

This formulation requires a set of supplementary expressions
for calculating H and KOL'
The form of the mass transfer coefficient follows directly

from the derivation of the evaporative flux equation in Reference 1.

k. k_  H
N (5)
OL k_+H k
1 8
where kl and kg are exchange constants for the liquid and vapor films in
the two-layer model of mass transfer at the liquid interface. These ex-
change rates are given by the following expressions from References 7 and
3, respectively.
k, = 0.33 (aa/m'/? (6)
k = 18.95u . (18/m1/? Q)
g wind
9
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where M = molecular welght of the chemical
= ceffecttve alr veloelity over the Iqutd

surface

The assumption that the blower produces a well-mixed vapor space implicitly
implies that there are no locil varfations 1in the air flow velocity over

the residual liquid surface, then, 1s an integrated average or

U
wind’
effective evaporation air velocity that was derived from Reference 4 which
is concerned with the normal impingement and axisymuetric turning and

spreading of air jets.

5 1-n
Kr, -n r
= + -
Ueind 2r1 -—lfn r, (1-_1 R (8)
2 2
where n = 1.12
r, = 0.15 D
D = tank depth
5

C =1.4U at-1?

o
UO = average blower jet velocity
d = jet diameter at blower discharge (usually Butterworth

opening diameter)
K = C/r1n+]_

The quantity r, represents an estimate of the effcctive range

2
of the blower jet following impingement on the tank bottom and radial spread-
ing over the liquid surface. This estimate attempts to account for the non-

axisymmetric flow of air over that tank bottom that results from

o the lateral constraint of the tank walls and
0 an on-deck blower location that is not normally

centered on the tank planform.

Estimates of r2 range from 0,50L to 0.75L as measured from the blower jet

stagnation point where L 1s the overall tank length.

10
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The quantity B is a free, dimensionless parameter that
resulted from correlations between experimental data and theoretical

predictions; a nominal value of 8 {1 0.331.

The model incorporates two methods of calculating H,
the Henry's law constant or partition coefficient. For dilute, ideal

solutions, H 1s calculated by Dilling's method in Reference 2,

H = 16.04 P (9)
TS
where pv = vapor pressure of the solute (chemical)
at temperature T
M = solute molecular weight
S = solute solubility in water (finite)

For highly or infinitely water soluble chemicals, H is calculated by
the method proposed by Mackay in Reference 5.

H o=v p, Yl/RT (10)
where v, = molar volume of water

pv = vapor pressure of solute at temperature T

Yl = solute activity coefficient

R = Universal gas constant

The activity coefficient, y, for a chemical (solute) in water (solvent)

solution is based on the following approximation to the two-suffix van Laar

equations of Reference 6.

el 2
log v; = log v; (1-x;) (11)
where yeo = activity coefficient at infinite dilution
1
xl = mole fraction of chemical in solution

The mole fraction xl,is related to the mass concentration

of chemical in water

1 (12)

M
c 1 1
e [rome ()
1 Mw v CL pc

11
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where M

M = molecular weight of chemical and water,
respectively
p = mass density of chemical and water,
respectively
= mass conceatration of chemical in solution

(program dependent variable)

This conversion assumes that the chemical and water volumes are additive

in solution, and it gives the best representation of X over a range of

CL from zero to pc (Reference 7).

There are a number of systems of correlating equations.

that can be used in calculating Y " as indicated in Reference 8, TANKM

presumes that the user has applied one of these methods to calculate vy _ -

1

as an input to the program. All of these methods require varying amounts

of basic data in order to perform the calculation. At the present time,

these data for calculating Ylf’o are not contained in the HACS Chemical

Property Data File.

The most readily used method is presented in Table 8-17 of

Reference 8, The elements of the method are outlined below.

1.

The user identifies the functional group that includes
the chemical (solute) of interest with water being the
solvent, For example, ethanol is an n-primary alcohol

and xylene is an n-alkyl benzene.

Table 8-17 of Reference 8 identifies five correlating
constants for each functional group and the appropriate

correlating equation.

The last pieces ¢f information are obtained from a two-

dimensional representation of the chemical structure.

Nl’ N2 = total number of carbon atoms in solute and
solvent molecules, respectively
N', N*" / N = number of carbon atoms in respective

branches of branched compounds, in-

cluding polar groups

12
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4. Ylw is then calculated

Table 1 illustrates the application of thils methcd for several chemicals

in water solution.

11.2.2 1Input Data Requirements

A driver or main program entitled PRETNK controls the flow
of input data from a user-operated video display terminal (VDT). PRETNK
is structured to accept data for either the TANKM model or the TANKP
model. The interactive logic in PRETNK guides the user in inputting a

data set that is consistent with the requirements of either model.

When the input requirements for the TANKM model have been
satisfied in PRETNK, the driver creates a file TANKMI, which enables TANKM
to read the input data. The Fortran codes for the input variables in
PRETNK are identical to those in TANKMI and TANKM. A similar read file,
TANKPI, is created when TANKP is to be executed.

Table I1 describes the input data requirements and control
variables for TANKM in the sequence that they will be requested of the
user by PRETNK, Default options and the PRETINK subroutines that control
default input are indicated where applicable; a discussion of each default
option, together with any input required by the default subroutines, is

presented in Section I1.2.3.

PRETNK accepts a free field format for input of all real
(non-integer) Vériables. In the event that the number of free fields that
are input to PRETNK exceeds the format length specified by TANKM, file
TANKMI will truncate to meet the input requirements, Conversely, when
the number of free fields is less than the TANKM requirements, the input
is used as provided. User supplied responses to interactive questions
are A2 formatted within PRETNK,

11.2.3 Default Options

This section describes the input default options that can
be selected for TANKM. A default option may be selected if (1) sufficient
data 1s not available to meet the program requirements or (2) the user
intends to study the effect of various combinations of variables 1in the

tank cleaning-tank entry scenario.

13
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Each default option is programmed as a self contained sub-
routine. The appropriate sub;outlne is automatically called when the inter-
active driver receives a negative user response to a questlon regarding
data availability. These subroutines are also interactive and guide the
user in selecting data to satisfy the program requirements. The numerical
values for the options are based on a combination of field experience,
technical literature, as well as the experience and operating procedures

of vessel operators.

The default options are presented below in the order that
each subroutine would be called from the PREINK driver. The location of
these calls in the overall input data sequence can be identified by

referring to the COMMENT column in Table 71T,

Subroutine TKDIM

When tank dimensions are not known, the user has the
option of selecting a barge tank or a tank on parcel/product carrier,

For each tank type there are two default options.

Barge Tank Default Diwmensions

Option 1 -~ Full Beam Tanks

L=16.5m
W= 8.2 m
D= 4,6 m

Option 2 ~ Port/Starboard Tanks Symmetric About Centerline

L= 9,0m
W= 6,8m
D= 3.6m

Ship Tank Default Dimensions

Option 1 - Center Tank

L=12.2 m

W=10.9m

D= 14,6 m
19
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Option 2 - Wing Tank
L= 12.2 m
B W= 7.3m
]! = l4,6 m

The above c¢ptions on tank dimensions reflect actual tank measurements,

a review of the barge files 1in USCG District 8 Offices and data provided
.. by vessel operators. When the appropriate option has been selected for
= either tank type, the default dimensions are automatically assigned within

the subroutine.

v Subroutine BLOWER
{ |

Entry into this subroutine indicates that either a measured
blower flow rate into the tank or discharge flow rate from the tank is not

available to the user.

The user's first option is to estimate the flow rate from
the manufacturer's specifications. This estimate requires information on
the blower model number and the onboard supply pressure of the steam,
water or compressed air that drives the blower., Tf this information is
not readily available, then the user's second option is to select an average

flow rate from the following alternatives:

36 mjlmin (1270 cfm)
96 m3/min (3390 cfm)
124 m>/min (4380 cfm)

]

Low Flow Rate Q

Medium Flow Rate Q
High Flow Rate Q

These average flow rates were obtained from 19 measurements during gas

freeing tests. The test data indicated that the

;.r

o low flow rates extended from 24 to 48 m3/min,

o medium flow rates cextended from 83 to 101 m3/min, and

hacadt ab L4 aa sl e X

o high flow rates extended from 110 to 140 mj/min.

Selection of any of the above flow rate options assumes that the blower is

vy

fully mated with the Butterworth opening during ventilation, i.e. the

cntire output of the blower is directed into the tank. This assumption is

LAE o an o o 8 o o dt o)
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valid in the majority of gas freeing operations. However, this assumption
is not valid when the blower is operated in a cocked position that is
analogous to an ullage port resting on its pin. This situation occurs
occasionally when the design specification(metric versus English units)

for the bolt circles on the blower and Butterworth opening are not compati-
ble or when the blower discharge diameter is greater than the diameter of

the Butterworth opening.

In either of the above cases, there will be a reduced flow
rate into the tank relative to a fully mated blower. The flow rate of
air entering the tank is some fraction, K, of the rated flow rate., Sub-
routine BLOWER does not contain a default option for K. If the user is
executing a run in which there will be a flow rate reduction, then K is
a user input that is based on judgement. However, a default value of K
equal to 0.62 is suggested for at least the case where the blower discharge
diameter is greater than that of the Butterworth opening. This value of K
was calculated as the ratio of nominal Butterworth opening area divided
by the area of a blower having the next largest discharge diameter of 0,39 m,
which corresponds to a currently available steam or compressed air driven

blower.

Subroutine POSTWH
This subroutine is called from PRETNK if

o the postwash residue thickness, DELTA, on the tank
bottom is unknown but the chemical concentration, CCL,

in water is known or
o neither DELTA nor COL are known.
Thus, there are two default bfanches within this subroutine,

Default Option 1 ~ DELTA Unknown, COL Known

The rationale for this default branch is that DELTA is not
a readily measurable quantity on barges and to greater extent on tank ships.
Conversely, a sample of wash water residue can be obtained near thc end of
washing from a slipstream on the tank discharge line; this sample can then
be analyzed for solute concentration, COL, using the appropriate analytical
chemistry methods.

The user may select a residue thickness within the following
default range.

21
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DELTA = 0,1 ¢em = 2,5 ¢cm

The lower limit on this range would represent effliclient removal of
residues by a stripping pump or stripping lince. ‘The tank bottom would
have the appearance of wet concrete, 1f the suction inlet on the cargo

discharge line 1s above the tank bottom or there is wcamplete stripping,

then residue thickness could approach the upper limit of this range.

Default Option 2 - NELTA and COL Unknown

A default value for DELTA is determined as in Default
Option 1.

Next, the default value for COL is computed based on the
following scenario. After the cargo has been discharged from the tank,
a residual volume of cargo, VRES, remains on the tank bottom, The tank
is then washed with portable machines at a prescribed water flow rate, QW,
for a given period of time, TW., It is assumed that all of the residual
chemical goes into solution, and the discharge of wash slops does not
begin until the washing has been completed. In practice, the cargo dis-
charge pumps are operated for brief periods of time to remove slops.
After washing has been completed, it is further assumed that the slops
are pumped and/or stripped from the tank until the prescribed value of
DELTA has been reached.

To initiate calculation of the default value for COL, the

user may select two options for the residual chemical volume, VRES.

Option 1 - VRES = 0,2 m3 for low kinematic viscosity
cargos, high draft difference during dis-
charge, deep well pumps with sump and sump
stripped with eductor,

Option 2 =~ VRES = 5.0 m3 for high kinematic viscosity
cargos, low draft difference during dis-

charge and no deep well pump or sump.

The lower value of VRES is consistent with the experience of owner/operators
of parcel chemical tankers and the residual chemical volumes that were
measured and predicted in Reference 9, The higher value for VRES represents

an upper bound for nearly all of the data that is reported in Reference 9,

22



e B

L) frv".p'l'_."rﬁ.v
S ey

The wash water flow rate and washing time are specified by

this subroutine.

QW = 0,28 m3/m1n
T™W = 48 min

The washing time represents an average for a wide range of tuank sizes and
chemicals of varying solubility in water. The wash water rate corresponds
to 75 gpm and represents an average rate for portable machines (3/8-inch

diameter nozzles) operating at supply pressures of approximately 100 psig.

These values reflect field observations and the data in Reference 10.

The solute con:entration at the end of washing is then
calculated.

ol - VRES * PCHEM * 1E9 P
.= QW * TW + VRES  °*® "&/m

where PCHEM is pure chemical density in gm/cmB, and it is a user input

that is requested by subroutine POSTWH.

This calculated solute concentration is then compared to
the known solubility limit, S, which 1s a user input to PRETNK. If COL
is less than S, the calculated default value will be used in the program,
The calculated COL is rejected if it is greater than S; the program

proceeds with an assigned value of COL that is equal to S,

Subroutine PREVNT

Within this subroutine, the user will input either a known
value for COV, the chemical vapor concentration in the tank before

ventilation begins, or a default value will be calculated.

In calculating the default value of COV, it is assumed
that before discharge is initiated the ullage space above the cargo
contains saturated vapor corresponding to cargo temperature, CTEMP. The
user inputs this temperature to the subroutine in °C. It is further
assumed that the tank was loaded to some fraction, OMEGA, of its capacity,
For a fully loaded tank, OMEGA will normally be 0.95 to 0.98. A short
loaded tank may result in an OMEGA of 0.5 to 0.75, i.e. substantially

less cargo than the tank capacity. As the cargo is discharged, the

23
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saturated vapor In the ullage space will be dfluted by alr Inpested fnto
the tank. Assuming that there is no additional cvaporation of cargo from
the residues and that the tank atmospherc reaches equisibrium, then by

the perfect gas law

oV = PVS(LP-‘; OMEGA) 4\ 16

where cov = equilibrium tank vapor concentration following
cargo discharge, ppm
PVS = saturated vapor pressure at CIEMP in mmHg as
determined by Antoine equation

OMEGA

fractional volume of tank occupied bv cargo

PA = atmospheric pressure, mm Hg

The estimated default value for COV is used in both TANKM
and TANKP, 1Its use In the TANKM model is justified because measurements
of the tank vapor concentration before and after washing indicate that
the water wash has a relatively minor affect on vapor levels. The primary

affect of the wash is to dilute chemical residues.

Subroutine VIWORK

The tank cleaning scenario assumes that barge or ship
personnel enter the tank at some time after the gas freeing or ventilation
has been initiated. The gas freeing time prior to man-entry may be bascd

on crew experience rather than a formal cleaning and entry procedure.

This subroutine permits the user to input T, which is the

ventilation time in minutes prior to man-entry into the tank,

In this subroutine, the user may select from five options
that describe the type of work that will be performed in the tank and TWORK,
the duration of the work. These options, which are presented intcractively

to the user are shown below.

Option 1, Brief visual inspection and odor determination
with cargo surveyor, TWORK = 1 - 2 min.
Option 2. Inspect tank coatings and measure thickness

TWORE. = 15 = 45 min.

24
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Option 3. Hand mucking of residue with towels and rags
(relatively dirty tank) TWORK = 90 min.

Option 4., Sweep debris from tank bottom and wipe pump
sump (relatively clean tank) TWORK = 40 min.

Option 5. User specified such that (TM+ TWORK)/DT is
less than 500.

In the first two options, the user may input a value of TWORK that is
within the indicated time range. Option 5 permits the user to specify

work times for in-tank scenarios that are not represented by Optious 1
through 4.

Subroutine VENTMP

The purpose of this subroutine is to establish a temperature-
time history for the chemical vapors that are discharged from the tank

during ventilation.

A measured or hypothetical temperature profile can be used.
The subroutine accepts ordered pairs of digitized time and temperature
beginning with the lowest time and ending with the largest time. The time
values are stored in a one dimensional array TABTIM. Corresponding
temperatures are stored in a TABTEM vector. The number of discrete data
pairs 1s equal to NUMTAB. The user inputs each ordered pair sequentially

on a separate line., At each input, time is entered first then temperature.

If a discharge temperature profile is not available, there are two

default options.
Option 1., - Tank Washed With Hot Water

If the tank was washed with hot water, this option will

result in a constant discharge temperature of 41°C (105°F) for all times

following initiation of ventilation.
Option 2. - Tank Washed With Cold Water

The tank may be washed entirely with either salt or fresh
water, A salt water wash may be followed by a fresh water wall wash, For
either type of wash procedure, the model assumes that the wash water cor-

responds to the temperature of the navigable water surrounding the vessel,

25
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and this temperature prevails during ventilation.

This default option has two alternatives that reflect
observed seasonal variations in wash water temperature in the Gulf

Coast area.

o Alternative 1 - Temp
Gulf Coast

16.5°C (61°F), Winter/

i

o Alternative 2 - Temp = 29.4°C (84°F), Summer/

Gulf Coast

Either of these alternatives may be selected under Option 2. The result

will be a constant vapor discharge temperature during ventilation.

11.2.4 Program Output

Execution of the TANKM program includes two output

operations.

Operation 1., - Initially, the data that is input by the
ugser to PRETNK must be transferred in a
compatible format to TANKM., This transfer
is accomplished internally through the out-
put of the TANKMI data file in PRETNK; there
is no hard copy or video display of the
transfer,

Operation 2. - Primary data output is generated and control-
led by TANKM. The tabular output is spooled to
a printer for hard copy display. The graph-

ical output is displayed on the video screen.

The details of each output operation are presented below.

I1.2.4.1 TANKMI Qutput

The TANKMI output statements are duplicated
below. Note that for each WRITE statement there 1s a corresponding READ
statement in TANKM, and the variable sequences are common to both statements.
In addition, each WRITE statement contains two integers in parentheses., The

first integer, 1, creates the TANKMI file, and the second integer indicates

26
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QUTPUT DATA FGOR TAir4m

WRITE(1,2) TESTHD

WRITE(1,3) L, W, D
WRITE(1,3) Q. DELTA

WRITE(1,3) DIA, M

WRITE(1.,3) S, GCAMInF,
WRITE(1.3) A 3., C

WRITE(1,3) PA, R2

WRITE(1,3) CcL., COv

WRITE(1,3) TI. Ti
WRITE(1, 4) NUNMTAB

Ct,

TWORK,

c2

DT

the format number, which is listed at the end of the WRITE operation.

WRITE(L, 9) (TATIM(I), I=1, NUMTAD)
WRITE(1, 9) (TA3Term(I), I=1, NUMTAB?

WRITE(L, 4) JSWTCH.
WRITE(L, &) NHUMZ(P

IF (NUMEXP | NE. 0O)

WRITE(1, 2) ITWIRK,

HEVAL

WRITE(1, 2) TLWI, TLVIWA,

FCRIMAT(IS)
FORMAT(SE12. 5)
FORMAT(2I3)
FGRMAT(7F8. 3)
FGRMAT(1X, I3)
FORMAT (1X, 2712, 47
FORMAT (15, A2)

I1.2.4.2  TANKM Dutput
TANKM produces six blocks of output information.

27

WRITES(1,7)
[BLCW

(ETIMECL), ECVPPM(I), I=1, NUMENX

TLVSTL

BLOCK 1 - This block prints out selected pieces of input data for reference
purposes as well as the results of calculations that initialize the problem.

The structure of the output block is shown on the next page.
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- #unud  TEST NO. o 3 3 3

L. R

s ONE-TIME QUTPUTS
VARIABLE DESCRIPTION UNITS RESULT
HEVAL =1, H(IMACKAY); =2, H(DILLING) #3334 3 #3E33E I
Q BLOWER FLOW RATE M3/MIN
AREA LIQUID SURFACE ARIZA M2
L TANA LENGTH METER
W TANK WIDTH METER
D TANK DEPTH METER
v TANK VOLUME M3
DELTA RESIDUE THICKNESS CcM
coL INITIAL SOLUTE CONCENTRATION MG/M3
S SOLUTE SOLUBILITY MG/LITER
M SOLUTE MOLECULAR WEIGHT GM/MOLE
ROCHEM CHEM. LIQUID DENSITY MG/M3
GAMINF INF. DILUT. ACTIVITY COEF. 34 3 o 3t 4 3 3
PA ATMOSPHERIC PRESSURE MM HG
UWIND CONVECTIVE EVAPORATION VEL M/SEC
DIA DIA. OF B/W OPENING METER
uo BLOWER JET VELOCITY M/SEC
KG GAS PHASE MASS TRANSFER COEFF CM/MIN
R1 JET DEFLECTION REGION (0.150D) METEK
R2 JET DEFL + WALL JET DIST METER
KL LIQUID PHASE MASS TRANSFER COEFF CM/MIN
MINIT INITIAL CHEMICAL MASS IN SOLUTION MG
TLVC THRESHOLD LIMIT VALUE., CEILING PPM
TLVTWA THRESHOLD LIMIT VALUE,

TIME-WEIGHTED AVERACE PPM
TLVSTL THRESHOLD LIMIT VALUE,
SHORT-TERM EXPOSURE LIMITY PPM

BLOCK 2 - This block contains three entries.

1. TWORKN - Statement defining the user selected in-tank work
activity (N = option selected).
2. TWORK = Duration o¢f the in-tank work, min.

3. Statement defining blower status (on or off) during tank entry.

BLOCK 3 - The third block displays in tabular form the calculated values

for nine variables at the end of each integration time step. The table
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begins and ends at times corresponding to the start of veatflatlion and
the termination of In-tank work, reapectively, At cach time step, there

are two lines of output,

Line 1: TIME (MIN) - time after initiation of ventilation
CV(PPM) - volumetric vapor concentration
CV(MG/M3) ~ equivalent mass concentration of vapor
TEMP(C) - vapor discharge temperature
PV(MM-HG) -~ solute vapor pressure at TEMP(C)
H - Dimensionless Henry's or partition coefficient

CL(MG/M3) ~ solute (chemical) concentration in water

Line 2: KOL(CM/MIN) - overall mass transfer coefficient referenced
to liquid phase
MDOT(MG/MIN) - solute evaporation rate

MEVAP(M) - cumulative mass of evaporated solute

BLOCK 4 - Block 4 summarizes in tabular form the vapor concentration-time
history in the tank during the period of time specified by TWORK, 1If the
blower ON option was selected, then concentration should decrease with
time. The calculated concentrations are assessed relative to the TLV-C

and the TLV-STEL.

BLOCK 5 - If the TLV-C and TLV-STEL (interpreted as an MAC) are not exceeded

at any time during TWORK, then the in-tank CV(PPM) profile is integrated
to yleld the average exposure concentration, which is an output quantity.
The 8-hour TWA exposure is calculated and ccmpared to the TLV-TWA, and
the results are displayed in the output.

BLOCK 6 - Block 6 is a computer-generated graph of the calculated gas

freeing concentration~-time historv and includes plotted experimental data

if input by the user,

11.2.5 Hazard Assessment

The hazard assessment is programmed in both TANKM and TANKP.

Thne groundrules for this assessment are as follows.

0o The in-tank exposure is to a2 single chemical.
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o This in-tank exposure is the only one that 18 received
during an 8-hour period. There are no additional cx-

posures to the given chemical or to other chemiculs.

o Exposures are evaluated relative to the Threshold Limit
Values (TLVs) that are published by the American Conference
of Governmental Tndustrial Hygienists (ACGIH) in Reference
11.

o The Short Term Exposure Limit (STEL) is interpreted as

a Maximum Allowable Concentration (MAC).

All of the data that is needed for this evaluation has been either input
to or calculated within TANKM,

For simplicity, the hazard assessment is indicated as a
block operation in the TANKM Flow Chart in Section II.4. The details of

the assessment logic are presented below.

The first branch is determined by the input value of IBLOW,
which determines if the blower is on or off during tank entry.

BLOWER ON

1. The program scans the calculated concentrations to determine if any

C(ti) exceed the TLV-C or TLV-STEL during the period t St st +

M M
tWORK' If the anser is YES, proceed to Item 5. If the answer is NO,

then proceed to Item 2,

2. The average exposure concentration 1s calculated and outputted.

M * York

’-C(t)dt
! i i
E’

E _ M
exp

QyoRK

3. The 8-hour TWA exposure is calculated next and outputted.

C..=2C

TWA exp tWORK 480
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The CTWA is compared to the TLV=TWA

a. If Crwa is less than TLV-TWA, then an output appears.
"Predicted Single Exposure 1s Acceptable With Respect to
TLV-C, TLV-STEL and TLV-TWA."

b. If the TLV-TWA 1s exceeded, the following message appears.
"Predicted Eight-Hour TWA Exposure Exceeds the TLV-TWA.
Hazardous Conditions May Exist. Single Exposure Does Not
Exceed TLV-C or TLV-STEL."

This is the end of the assessment for the NO branch in Ttem 1.

5.

The YES branch in Item 1 will produce a printout of the instantaneous
exposure times and the corresponding calculated concentrations where ~
the TLV-C or TLV-STEL is exceeded. These occurrences may include all

or part of the entry period, and each occurrence is labeled '"Hazardous ‘

Working Conditions,"
The integrated average exposure concentration is calculated and dis-
played

"Predicted Average In-Tank Exposure as Measured by a Dosimeter = ppm"

This average exposure is then compared to the TLV-C or the TLV-STEL.
If Eéxp exceeds TLV-C or TLV-STEL, the assessment executes Item 8,

otherwise it proceeds to Item 9.
The program then prints out the following message.

"Dosimeter Monitoring Would Indicate That The Average Tn-Tank
Exposure Exceeds the TLV-C or TLV-STEL For This Chemical Vapor,
and a Hazardous Working Condition Exists. PReduce Exposure Below

Either TLV Before Assessing the TWA Exposure.”

This completes the assessment for E;xp greater than TLV-C or TLV-STEL.

9.

4 m .t a LA . m A m_a o am A & & oa.m PO S

A negative response in Item 7 produces the following message.

"Dosimeter Monitoring Would Indicate That The Average In-Tank
Exposure is Acceptable and Does Not Exceed the TLV-C or TLV-STEL

For This Chemical Vapor. However, Instantaneous Concentrations
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Do Exceed These Limits, Real=Time Measurements ot Vapor

Concentration May Be Indlicated."

10. Because Eéxp does not execed the TINV=C or THLV=-8TEL, the d=hour time
welghted average exposure C,

Item 8,

WA fs calculated and displayed as in

;‘-
[N
[N
W
N
e

11. CTwA is then compared to the TLV-TWA

a, 1If CTWA is less than TLV-TWA, the message is

"Monitoring Would Also Indicate That The Exposure is

Acceptable With Respect to the TLV-TWA."

b. If CTWA is greater than TLV-TWA, the following ouput

message appears.

"Predicted Eight-Hour Time Weighted Average Exposure Exceeds
The TLV~TWA. Hazardous Conditions May Exist."”

This completes the assessment for the BLOWER ON option.

BLOWLER OFF

1. Because the blower is off during tank entry, the exposure concentration

is constant and equal to C(tM). The program checks C(tM) against TLV-C

or TLV-STEL. 1If these levels are exceeded, then Item 4 is executed.

Otherwise, procced to Item 2,

The 8-hour TWA exposure is calculated as described earlier. Two

messages appear.

"Predicted Average Exposure During Tank Entry = ppm"

A i.-r'."'.‘. '
oL e . f
.

"Predicted Eight-Hour Time Weighted Average Exposure = ppm"

3. The 8~hour TWA exposure is then compared to the TLV-TWA. Depending
upon the result of this comparison, the message in either Item 4a or

4b of the BLOWER ON assessment will be printed.

This completes the assessment for the NO branch in Item l.

YT

4. The assessment performs Item 5 of the BLOWER ON option.

e

5. The messages in Items 6 and 8 of the BLOWER ON option are then displayed.

This completes the assessment for the BLOWER OFF option,
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I1.2.6 Example of TANKM

The example that was selected to demonstrate the inter-
active fea:ures of PRETNK and the execution of TANKM describes the gas

freeing of an acetone tank following washing., Acetone {s infinitreiy

soluble in water.

The example includes five elements of hard copy.

Element No. 1 - This first element censists of the

conversational interaction between the user and the PREINK driver. Tf
the user is operating from a VDT, the questions and responses will appear
on the screen, but there will bc no hard copy record of the input dialog.
In this example, a Digital Decwriter I[I was used so that the interactive

input data would be clearly identified in permanent dialog record.

Element No. 2 - This element represents the terminal input

commands and system responses that set vp the raster scan for the plot

routine, This element can be performed following PRETNK input or after

Element No. &,

Element No. 3 - A copy of the output of the TANFML data
file is presented as Element No. 3. ‘'This element contains the input data
in a format that is compatible for transfer to TANKM. Element No. 1 is

not automatically presented, it must be requested by the user.

Element No. 4 - This element displays the execution output

of TANK according to the block sequence that was described in a previous

section.

Element No, 5 - Finally, the calculated concentration-time

history and experimental data (if available) are displaved in graph form.

Comments that pertain to this example arc presented

below.

o Acetone is infinitely soluble in watexr, Thercfore,
Henry's coefficient is calculated using the activity

coefficient approach.

o An artificially large, finite value of the solubility

limit S was input in the event that the default option
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on LO! would have been exerelsed.  This lTarpe valae would
prevent the caleulated (‘.“' from excecding o solabhility
limlt which would result in CO\ heing scet equal to S, As

this option was not exercised, the pseudo-input tor S is

irrelevant.

Tank entry was assumed to take place 14 minutes after
gas freeing was initiated., The blower--n option was
selected during tank entry when tank coatings were in-
spected and thicknesses measured for 44 minutes. The
value of TM is hypothetical because vapor concentration
is nearly 6% LEL and would not be an acceptable entry
condition., It was selected to demonstrate an important

branch in the hazard assessment logic.

Initially, mass transfer of acetone is from the vapor

phase to liquid phase, the evaporation rate is negative,

the mole fraction and concentration of acetone in solution
increase with time. The driving force for evaporation

is negative. As time proceeds, the vapor space con-
centration declines because of solute absorption and
ventilation discharge of vapor; the driving force trend

is reversed, and solute evaporation begins. As MEVAP is the
time integral of f, there is a time lag between the onset

of positive m and a positive evaporated mass of chemical,

The tabulated time history of calculated variables ends

at the time of egress from the tank,

The hazard assessment indicates that exposure concentra-
tion cxceeded the acetone TLV~STEL during the first four
minutes of intank woeork. These exceedences would not be
detected by a conventional integrating dosimeter; the
result would be an indication that the short-term exposure
was acceptable. Because the 1ntegrated exposure did not
exceed the STEL, the assessment then calculated that the
8-hour TWA exposure to this sinpgle event did not exceed

the TL7-TWA, which was 750 ppm.
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TANKM CXAMPLE

> RUN PRETNK

PROGRAM PRETNK IS AN INTERACTIVE PROGRAM DESIGNED FOR
THE USER TO EASILY INFUT DATA COMPATIELE FOR PROGRAM
TANKM OR TANKFP

1. TANKM - PROGRAM THAT CALCULATES THE COMCENTRATION-
TIME HISTORY OF CHEMICAL VAPORS D1SCHARGED
“ROM A TANK DURING DILUTION VENTILATION IN
THE PRESENCE OF CHEMICAL SOLUTE EVAPORATION
FROM AN AQUEQUS SOLUTION OF RESIDUAL CARGO
ON THE TANK FLOOR.

2. TANKP - FROGRAM THAT CALCULATES THE CONCENTRATION-
TIME HISTORY OF CHEMICAL VAFOR DISCHARGED
FROM A TANK DURING DILUTION VENTILATION IN
THE PRESENCE OF EVAFORATION QF FURE
CHEMICAL RESIDUES FROM THE TANK WALLS ANID
FLOOR.

SELECT A 1 OR 2 TO INLICATE FOR WHICH PROGRAM YOU
WISH TO INPUT DATA
1

INFUT TEST NUMEKER
1

DO YOU HAVE TANK DIMENSIONS (Y/N)?
Y

ENTER TANK LENGTH» WIDTHs AND DEFTH IN METEKS
12.19 6.858 13.26

D0 YOU KNOW THE ELOWER FLOW RATE (Y/N)7?
Y

INFUT MEASURED FLOW RATE (M3/MIN)
99.41

ENTER DIAMETER OF RUTTERWORTH OFENING IN METERS
0.305

HOW DO YOU WANT TO CALCULATE HENRY S CONSTANT?
1. HENRY S CONSTANT BY MACKAY S METHOD
2. HENRY S CONSTANT BY DILLING S METHOL
SELECT A 1 OF 2 .
1

INPUT GAMINF, ACTIVITY COEFFICIENT AT INFINITE
DILUTION (CHEMICAL IN WATER)
7.78

INFUT C1y C2y CURVE FIT COEFFICIENTS OF LIOG. DENSITY
AS FUNCTION OF TEMF. XROCHEM(MG/M3) = C14C2%T, T(C)
0.81 -0.1075E-02

ENTER Sy SOLUTE VAFDR SOLURILITY IN MG/LITER
1.0E15

DO YOU KNDW THE FPDSTWASH RESIDUE THIUKNESS AND SOLUTE
CONCENTRATION (Y/N)7?
Y

ENTER RESTIHF THICKNESS. AND_SOLUTE. CONCENTRATION |
35
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0.5 J1E?

ENTER IN ATMOSPHERIC PRESSURE IN MM HG
760

ENTER Ar By C» CHEMICAL VAFOR FRESSURE CONSTANTS
7.158 1231.0 231.8

IS PREVENTILATION VAFOR CONCENTRATION KNOWN (Y/N)7
Y

ENTER CONCENTRATION IN PFPM
0.5E4

ENTER FOR INTEGRATION » TI (INITIAL TIME)s AND DT
(INTEGRATION TIME STEF). DT MUST EKE A WHOLE NUMEER.
TM AND TM+TWORK MUST RE MULTIFLES OF IT.

0.0 2

INFUT VENTILATION TIME, TMy TO MAN ENTRY
14.0

OFTIONS FI3R DURATION OF MAN ENTRY,» TWORK IN MIN.s IS AS
FOLLOWS!
1. BRIEF VISUAL INSPECTION AN ODOR LETERMINATION
WITH CARGO SURVEYOR.
TWORK = 1 - 2 MIN.
2. INSFECT TANK COATINGS ANII MEASURE THICKNESS
TWORK = 15 - 435 MIN.
3. HAND MUCKING OF RESIDUE WITH TOWELS ANL RAGS
(RELATIVELY DIRTY TANK)
TWORK = 90 MIN.
4, SUEEF DEBRIS FROM TANK EOTTOM AND WIFE PUMF SUMF
(RELATIVELY CLEAN TANK)
TWORK = 40 MIN.
9. USER SPECIFIES
SELECT AND ENTER A 1-5 TO INDICATE WORK LESCRIFTION
"

INFUT DURATIONy IN MINUTES, OF MAN ENTRY IN TANK
44

DO YOU KNOW THE VENTILATION TIME-TEMFERATURE [ISCHARGE
HISTORY (Y/N) 7

Y

ENTER NUMBER OF TIME HISTORY VALUES

4

ENTER TIME - TEMPERATURE TABLE:
TABT.M(1) » TARTEM(1)
TABTIM(NUMTAE) » TARTEM(NUMTAR)

000 809

10.0 42.2

40.0 36.6

80.0 34.4

ENTER OCCUFATIONAL EXFOSURE LIMITS (ACGIH)
ALL EXPOSURE LIMITS ARE INFUT IN FPM

DOES THE COMFOUNID' HAVE A CEILING TLV (Y/N)7?
N

INFUT TLVTWA AND TLVSTEL
230...1000.

mee e e i T S R R e I
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ENTER Mr SOLUTE MOLECULAR WT. IN GM/MOLE
58.08

ENTER R2» JET DEFLECTION + WALl JET DISTANCE IN METERS
7.47

It s R AN

INPUT NUMBER OF FOINTS IN EXPERIMENTAL DATA » MAXIMUM
OF 200 POINTS (ENTER O (ZERO) IF NO FOINTS)
14

L Rt
R
A

, INFUT TIME AND CONCENTRATION FOR EACH POINT
i ETIME(1) ’ ECVFFM (1)
. 14 .
ETIME (NUMEXF) 4 ECVPFM (NUMEXF)

0,0 5000. :
. S. 3700,

‘ 10. 2550.
r‘ 15. 1700.
= 200 9800

. 25. 530.
r 30. 310.
3 35. 212,
:,'_ 40, 150,

‘e 45. 90.

h 50. 77,
- 550 560

1 60, 44,

65. 29.

& 1. FPERFORM MINIT CALCULATION

$‘ 2. BYPASS MINIT CALCULATION
p SELECT 1 OR 2

2

WILL BLOWER BE OFERATING DURING TANR ENTRY (Y/N)7
Y
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DENSIMETRIC FROUDE NO. = 787.666

DENSIMETRIC FROUDE NUMBER AT REGINNING

OF VENTILATION 1S GREATER THAN 50s RLOWER CAFACITY
IS SUFFICIENT FOR THE VENTILATING JET TO FENETRATE
THE VAFPOR SFACE ANDII IMFINGE ON THE TANK EOTTOM.
COMPLETE JET FENETRATION ANDI IMFINGEMENT ENSURES
THAT THE VAFOR CONCENTRATION IN THE ULLAGE SFACE
IS HOMOGENOUS AND THAT THE WELL-MIXED MODELING
ASSUMFTION IS VALID. FOR FURTHER DETAILS», CONSULT
REFERENCE 4 OF THE CONTRACT FINAL REFORT.

TT30 -- STOF

>RUN FLTANK

»PIP SCRATCH.DATix/DE

>FIF LP.LST=TANKMO.LAT/RE

»% [0 YOU WANT A HARD COPY OF TANKMO (Y/N) 7 [S1! Y
»PIP LP.LST/SF

>//

»@ <EOF

>

18




ra i e A I R S

Ch s vt s B te e ke SR N AR RS O M Pl e tu emTee a8 e s e e e = = e

>TYFE TANKMI.DAT
1
1! 0.12190E+02 0.6858B0E+01 0.,13260E402
0.99410E+02 0.50000E+00
0.30500E4+00 0.5808B0E+02
0.10000E+16 0.77800E+01 0.81000E+00-0.10750E-02
0.71580E401 0.,12310E+04 0.23180E+03
0.76000E+03 0.74700E+401
0.10000E+07 0.50000E+04
0.00000E+00 0.14000E+02 0.44000E+02 0.20000E+01
' £

o 0.000 10.000 40.000 80.000
" 8.900 42,200 36.600 34,400
N 2 1
. 14

0.0000 5000.0000
5.0000 3700.0000
10.0000  2550.0000
15.0000 1700.0000
20.0000 980.0000
25.0000 530.0000
30,0000 310.0000
35.0000 212.0000

40,0000 150.0000
45.0000 90.0000
50,0000 77.0000
55.0000 56.0000
60.0000 456.0000
65.0000 29.0000
2y
0.00000E+00 0.,75000E+03 0.10000E+04

>
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DENSIMETRIC FROUDE NO. =

787. 666

DENSIMETRIC FROUDE NUMBER AT BEGINNING

OF VENTILATION IS GREATER THAN 50,

BLOWER CAPACITY

IS SUFFICIENT FOR THE VENTILATING JET TO PENETRATE
THE VAPOR SPACE AND IMPINGE ON THE TANK BOTTOM.
COMPLETE JET PENETRATION AND IMPINGEMENT ENSURES
THAT THE VAPOR CONCENTRATION IN THE ULLAGE SPACE
IS HOMOGENOUS AND THAT THE WELL-MIXED MODELING

ASSUMPTION IS VALID.

FOR FURTHER DETAILS, CONSULT

REFERENCE 4 OF THE CONTRACT FINAL REPORT.

VARIABLE

HEVAL

]

AREA

L

W

D

\
DELTA
coL

S

M
ROCHEM
CAMINF

TLVC
TLVTWA

TLVSTL

wea#des  TEST NO. 1

ONE-TIME OUTPUTS
DESCRIPTION

=1, H(MACKAY); =2, H(DILLING)

BLOWER FLOW RATE

LIQUID SURFACE AREA

TANK LENGTH

TANK WIDTH

TANK DEPTH

TANK VOLUME

RESIDUE THICKNESS

INITIAL SOLUTE CONCENTRATION
SOLUTE BOLUBILITY

SOLUTE MOLECULAR WEIGHT
CHEM. LIQUID DENEITY

INF. DILUT. ACTIVITY COEF.

ATMOSPHERIC PRESSURE
CONVECTIVE EVAPORATION VEL
DIA. OF B/W OPENING

BLOWER JET VELODCITY

7245 PHASE MASS TRANSFER COEFF
JET DEFLECTION REGION (0. 3D)
JET DEFL + WALL JET DIST
LIQUID PHASE MASS TRANSFER COEFF
THRESHOLD LIMIT VALUE, CEILING
THRESHOLD LIMIT VALUE,
TIME-WEIGHTED AVERAGE
THRESHOLD LIMIT VALUE,
SHORT-TERM EXPOSURE L IMIT

L2 22t 4

UNITS

L 2 o 2 L 2

M3/MIN
M2
METER
METER
METER
M3

CM
MG/M3
MG/LITER
eM/MOLE
MG/M3
AL B

MM HG

M/SEC

METER

M/SEC

CM/MIN
METER

METER

CM/MIN
PPM

PPM

PPM

TWORK2 ~ INSPECT TANK COATINGS AND MEASURE THICKNESS

TWORK =

44. 0000 MIN

BLOWER IS ON DURING MAN - ENTRY INTO TANK

40
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RESULT

PS4 1 2

0. 992410E+02
. B3599E+02
. 12190E+02
68580E+01
. 13260E+02
11085E+04
. 50000E+00
. 10000E+07
10000E+16
S8080E+02
80043E+09
. 77800E+01

. 76000E+03
59051E+00
. 30500E+00
. 22677E+02
62324E+01
. 19890E+01
. 74700E+01
. 2B726E+00
. O0000QE+00

. 75000E+03

O O 000000 C0O0 00000000000

. 10000E+04
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TIME(MIN) CV(PPM) CVIME/M3) TEMP (C) PV(MM~-HG) H CL(MG/M3)
oo GAMMA1 KOL (CM/MIN) MDOT (MG/MIN) MEVAP (MG ) Xt1(L1Q@ MOL FRACTIOMN
b
tnt 0. O000E+00 O. SOO0E+04 0. 1256E+05 0. B900E+01 O. 1106E+03 0O. 8B05SE-03 0. 1000E+07
L. 0. 7780E+01 0. 5385E~02 ~0. 5969E+05 0. O000E+00 0. 3111E-C3
hl 0. 2000E+01 0. 4243E+04 0. 1041E+05 0. 1556E+02 0. 1519E+03 0. 11B81E-02 O 1251E+07
; 0. 7780E+01 0. 7177E-02 -0. 4537E+405 -0 5253E+05 0 38Y3E-03
!': 0. 4000E+01 0. 3601E+04 0. B435E+04 0. 2222E+02 0. 2051&+03 0. 1559E-02 0. 1436E+07
0. 7780E+01 0. 9399E-02 -0. 3224E+05 ~0. 9133E+05 0. 4470E-03
0. 6000E+01 0. 30605+04 O 7175E+04 0. 288BE+02 0. 2727E+03 0. 2028E-02 0. 1561E+07
0. 7780E+01 0. 1210E-01 =-0. 2001E+05 ~0. 1175E+06 0. 4859E-03
0. BOOOE+01 0. 2604E+04 ©O. 5973E+04 0. 3554E+02 0. 3576E+03 0. 2601E-02 0. 1629E+07
0. 7780E+01 0. 1535E-01¢ ~-0. 8565E+04 ~0. 1317E+06 0. 5S071E-03
0. 1000E+02 0. 2221E+04 0. 4988E+04 0. 4220E+02 0. 46R27E+03 0 3295E-02 0. 16448E+07
0. 7780E+01 0. 1916E-01 0. 20B4E+04 -0. 1350E+06 0. 5118E-03
0. 1200E+02 O.1857E+04 0. 417SE+04 0. 4183E+02 0. 45462E+03 0. 3252E-02 0. 1626E+07
0. 7780E+01 0. 1893E-01 0. 5412E+04 ~0. 1312E+046 0. 5061E-03
0 1400E+02 0. 155SE+04 0. 3501E+04 0. 4145E+02 0. 4498E+03 0. 3211E-02 0. 1593E+07
0. 7780E+01 0. 1871E-01 0. 786BE+04 =0. 1246E+06 0. 4961E-03
0. 1600E+02 0. 130SE+04 0. 2941E+04 0. 4108E+02 0. 4435E+03 0. 3149E-02 0. 1551E+07
0. 7780E+01 0. 1848E-01 0. 9633E+04  ~0. 115BE+06 0. 4830E-03
0. 1800E+02 ©O. 1097E+04 (0. 2473E+04 ©O.4071E+02 0. 4372E+03 0. 3128E-02 0. 1502E+07
0. 7780E+01 0. 1826E-01 0. 1085E+05  ~0. 1056E+06 0. 4677E-03
0. 2000E+02 0. 923BE+03 0. 2087E+04 0. 4033E+02 0. 4310E+03 0. 30B7E-02 0. 144BE+07
0. 7780e+01 0. 1803€E--01 0. 1164E+05 —0. 9433E+05 0. 4508E-03
0. 2200E+02 0. 7799E+03 0. 1764E+04 0. 3996E+02 0. 424%9E+03 0. 3047E-02 0. 1391E+07
0. 7780E+01 0. 1781E-01 0. 1210E+05 -0. 8248E+05 0. 4331E-03
0. 2400E+02 0. 6400E+03 0. 1495E+04 0. 3939E+02 O 418BE+03 0. 3007E-02 0. 1333E+07
0. 7780E+01 0. 1799E~01 0. 1229E+05  —0. 7029E+05 0. 4149£-03
0. 2600E+02 0. S399E+03 0. 1270E+04 0. 3921E+02 0. 412BE+03 0. 2968E-02 0. 1274E+07
0. 7780E+01 0. 1738E-01 0. 1229E+05 -~0. 5799E+05 0. 3965E-03
,k 0. 2B00E+02 0. 47463E+03 O 1081E+04 0. 3884E+02 O. 4049E+03 0. 2929E-02 0. 1215E+07
b 0. 7780E+01 0. 1716E-01 0. 1214E+40°5 —-0. 4577E+05 0. 3783E-03
:' 0. 3000E+02 O. 4064E+03 0. 92346E+03 0. 3847E+02 0. 4011E+03 0. 2690E-02 0. 1158E+07
. 0. 7780E+01 0. 1695E-01 0. 1188E+05 -0. 3376E+05 0 3604E-03
- 0. 3200E+02 0. 3477E+03 0. 7913E+03 0. 3B09E+02 0. 3953E+03 0. 2852E-02 0. 1102E+07
= 0. 7780E+01 0. 1674E-01 0. 1154E+05 -0. 2205E+05 0. 3429€-03
F ¢
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ERRAERS et

.

TIME(MIN)

0. 3400E+02

0. 3600E+02

0. 3800E+02

0. 4000E+02

0. 4200E+02

0. 4400E+02

0. 4600E+02

0. 4800E+02

0. 3000E+02

0. S200E+02

0. 5S400E+02

0. 5600E+02

0. 5800E+02

CV(PPM)
CAMMAL

CVY(MG/M3)

KOL (CM/MIN)

TEMP (C)

PV (MM=-HG)
MDOT(MG/MIN)

0. 2985E+03 0. 6BOIE+03 0. 3772E+02 O 3896E+03

0. 7780E+01

0. 1653E-01

0. 1114E+05

0. 2571E+03 0. 5865E+03 0. 3735E+02 O 3B640E+03

0. 7780E+01

0. 1632€E-01

0. 1070E+05

0. 2IQ2E+03 0. 5074E+03 0. 3497E+02 O 378B4E+03

Q. 7780E+01

0. 1612E-01

0. 1024E+0%

0 1927E+03 0. 4406E+03 0. 3660E+02 O 3729E+03

0. 7780E+01

0. 1591E-01

0. 9770E+04

0. 1679E+03 0. 3841E+03 0. 3649E+02 0O 3713E+03

0. 7780E+01

0. 7780E+01

0. 7780E+01

0. 7780E+01

0. 7780E+01

0. 77680E+01

Q. 7780E+01

0. 7780E+01

0. 7780E+01

. B898BE+02 O. 2039E+03

0. 1585E-01

0. 1579E-01

0. 1574E-01

0. 19568E-01

0. 1562E-01

0. 1336E-01

0. 1330E~01

0. 1544E-01

0. 1538E-01

0. 9395E+04

. 14869E+03 0. 3362E+03 O 3463BE+02 0. 3697E+03

0 9007E+04

. 1291E+03 0. 29%6E+03 0. 3627E+02 0. 3681E+03

0 B612E+04

. 1140E+03 0. 2609E+03 0. 36186E+02 0. 3665E+03

0.82.7E+04

- 1010E+03 0. 2313403 0. 3605E+02 0. 3649E+03

0. 7B26E+04

. 2%594E+02 0. 3633E+03

0. 7442E+04

. BO32E+02 0. 1841E+03 0. 3583E+02 O.3617E+03

0. 706BE+04

. 7206E+02 ©O. 1652E+03 0. 3572E+02 0. 3601E+03

0. 6705E+04

. &490E+02 0. 1489E+03 0. 3541E+02 0. 3586E+03

0. 6353E+04

H
MEVAP (MG)

2B814E-02
. 1072E+05

. 2777E-02
. 2025€E+03

. 2740E-02
. 1067E +05

OO0 OO0 OO0

2703:z-02
. 20682+05

. 2692E-02
. 3026E+05

. 2682E-0=2
. 3946E+05

o0 00 ©O

. 2671E-02
. 4827€+05

. 2660E-02
S5649E+05

2650E-02
. 6471E+05

. 2639E-02
. 72R3E+05

. 2629E-02
. 7960E+05

. 2618E-02
. B64BE+0S

. 2608E-02
. 9301E+05

0 OO0 OO0 OO0 ©OO0 OO0 OO0

CL(MG/M3)

X1(LIG M™MOL FRACTION)

0. 104BE+C7

0 3260E-03

9954E+06
0 3097£-03

. QA45S3E+06

0 2941E-03

. B974E+06

0 2792e-03

. B515E+06

0. 2649E-03

. BO75E+06

0. 2512E-03

. 7653E+06

0. 2381E-03

. 7251E+06

0. 2256E-03

. &BG7E+06

0. 2136E-03

. 4502E+06

0. 2022E-03

. 6155E+06

0. 1914E-03

. 5825E+06

0. 1812E-03

. 5513E+06

0. 1715E-03

e
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EVALUATION OF VAPOR CONCENTRATIONS DURING MAN-ENTRY

TANK IS ENTERED AT TIME = 14 Q0 MIN
TANK IS EXITED AT TIME = 58. 0 MIN

PREDICTED INSTANTANEOUS EXPOSURE CONCENTRATIONS EXCEED THE TLV-STEL

TIME (MIN) CONCENTRATION (PPM)
14. 00 1555. 1 HAZARDOUS WORKING CONDITI
16. 00 1304. 7 HAZARDOUS WORKING CONDITI
18. 00 1096. 7 . HAZARDOUS WORKING CONDITI

PREDICTED AVERAGE IN-TANK EXPOSURE AS MEASURED BY A DOSIMETER =

DOSIMETER MONITORING WOULD INDICATE THAT THE

AVERAQE IN-TANK EXPOSURE IS ACCEPTABLE AND

DOES NOT EXCEED THE TLV-STEL FOR THIS CHEMICAL VAPOR.
HOWEVER. INSTANTANEOUS CONCENTRATIONS DO

EXCEED THESE LIMITS. REAL TIME MEASUREMENTS

OF VAPOR CONCENTRATION MAY BE INDICATED.

PREDICTED El1OHT-HOUR TIME WEIQHTED AVERAQE EXPOSURE = 38. 39 PPM
MONITORING WOULD ALSC INDICATE THAT THE

EXPOSURE 16 ACCEPTABLE WITH RESPECT TO THE
TLV-TWA.

43
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o The graph presents a visual display of the calculated
and experimental vapor concentration-time histories
at the ventilation discharge from the tank, ‘lhe
reversal of}' solute absorption to cvaporation produces
a smooth tr}nsitlon in the C(t) history at approximately

10 minutes Into gas freeing.

b

E. 0 In this example, mass transfer between liquid and vapor

g phases is controlled by the vapor phase. The liquid
phase offers little resistance to mass transfer. That is,

l/kz << 1/(Hkg) and l/KOL = 1/(Hkg),

1/kOL = total resistance to mass transfer
l/k1 = liquid phase resistance
1/(Hkg) = vapor phase resistance

,x‘...Lirr

II.3 Elements of Program TANKP

I1.3.1 Model Description Summary

The TANKP model is based on the numerical integration of an

' 'TTﬁﬂij.j."
LT S

inhomogeneous, ordinary, time-dependent differential equation for the con-

servation of chemical mass in the vapor space. The inhomogenity is a source

." -

term that represents mass addition to the vapor space as a result of

evaporation of pure chemical residues from the tanks walls and tank bottom.

LI e g
L

Tank vapor concentration is the dependent variable.

A mass balance in the vapor phase yields

Parn o 4 e Jam)
B
I: . '

-V-%t:-=r'nc— CQ (13)
& i
- where ¥ = tank volume
L C = mass concentration of vapor in air
N Q = blower flow rate
Y .G = Instantaneous, total evaporation rate of pure

chemical from residual films on the tank walls

and bottom.

TR |
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As in the TANKM program, this conservation of mass ftormulation assumes

that the contents of the vapor space are well-mlxed so that vapor con-
centrations are uniform in space. A conscquence of this assumption fis
that the local air velocity over the tank internal surtaces,; and residual

chemical films, Is constant.

The evaporation rate model for hc is based on Reference
12, Gray's model for the evaporative flux of vapor from an element of

liquid surface is expressed by the following equation.

dm _ DMPV (14)
dA RTGF
where m = local mass evaporation rate

A = local element of liquid surface area

D = diffusion coefficient

M = molecular weight

Pv = vapor pressure of chemical film corresponding to the
local wall temperature or tank bottom temperature

= Universal gas constant

TG = temperature of in-tank vapor space, assumed equal
to temperature of vapor discharged from tank during
gas freeing

F = thickness of stagnant interface film that exists

between the residual chemical layer and the air

flow over the liquid layer

Equation 14 assumes that the driving force for evaporation is the chemical
vapor pressure, i.e. Pv>> partial pressure of vapor in the tank atmosphere.

The analytical expression for diffusion coefficient is

0.425 1,'2
D = ’1/? (15)
P(MT, /G)™" "
b
where Tb = chemical boiling point at atmospheric pressure
G = liquid surface tension
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4
Finally, ar. empirical film thickness as described by Cray is

( 0.625 sCO°3 (16)

1/F = 0.217 § =0.9 (s )
C C

wn
"

where Schmidt number, v/D

<
H

kinematic viscosity of air |

effective air velocity over the liquid surfaces

The effective air velocity, U, that is contained in

EAAnd ~ (R
[and
It

Equation 16 is identical to the velocity UWIND that is used in the

TANKM model. The assumptions and equations that are used in calculating

this velocity are the same in both cases. Consequently, the user is

referred to Section II.2 for details concerning the model for U.

The modeling assumptions permit the local evaporation
process to be decoupled from the ventilation process in the sense that

local evaporation flux rates can be integrated over the liquid surface

{
2
»
N
9

areas to obtain an ﬁG(t) history for numerical input to Equation 13, The

elements of this integration operation are presented below.

1. The thickness TFILM of chemical residue is the same
on all vertical tank walls but may differ from the

residue thickness TPOOL on the tank bottom.

2. Opposite pairs of parallel tank walls have a common
variation in wall (and residue) temperature with tank
depth., Port-starboard walls may have a temperature

profile that differs from the fore-aft walls,

3. The local evaporation flux on a given wall is constant
over a wall depth increment DY and strip width of

either L or W and reflects local wall temperature.

4. The local evaporation rate is constant for all times

less than or equal to T,

T =

0 Er LM oF/(dh/dA) a7

A

- e m a_a_ . aA_manatiald



where 1. = local evaporation time
p = pure chemical densfty |

Local evaporation ceases for tlme preater than ¢ .
5. Statements similar to jtems 3 and 4 apply to the tank

bot tom,

6. Evaporation flux profiles are then integrated using
Simpson's Rule over the tank depth (Y = 0 to ¥ = H)
subject to the local time constraints in Item 4 to
yield evaporation rate-time profiles on the vertical

walls.

7. The evaporation rate on the tank bottom is calculated
by multiplying Fquation 14 by the tank planform area,
IW. The corresponding evaporation time TB is calcu-

lated using the equivalent form in Equation 17,

8. Using time as an indicator, total evaporation rate is

calculataed

f () = o (0) + 2 (ﬁlHL(t) + ﬁlnw(c)),

(18)
t=t tot
0 f
9. 'The hr and time vectors are stored internally for use
in Equation 13. The value of ﬁc corresponding to
s integration time, t, is obtained by table lookup and
%ﬂ interpolation, if needed.
I11.3.2 Input Data Requirewments
Table 111 describes the input data requircments and control
&
- variables for TANKP in the scquence that they will be requested of the

user by the interactive driver PRETNK. The majority of the inputs to

TANKP are in metric units. Two exceptions are the curve fit constants

Default options and the PRETNK subroutines that control default input

i: for chemical density and viscosity of air, which refleet tnglish units.
¢

&

s are indicated wherc applicable, A discussion of the default options and
!
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any additional user-supplied default information is presented in Section
I1.3.3. The next section also includes discussions of other subroutines
that have an input control function (with options) but are not default
routines. Some of the PRETNK subroutines are common to both TANKM and
TANKP. 1In these instances, Section I7,3.3 will refer the reader to a

discussion of that subroutine in Section [[.2,3.

Interactive input is stored in a PRETANK data file, TANKPI,

in a format that is compatible with the input requirements of TANKP,

I1.3.3 Default Options

This section describes the input default options that are
available in TANKP, and they are presented below in the order that each
default subroutine would be called from PRETNK. The location of these
calls in the input sequence is noted in the COMMENT column of Table III.
Where default options are common to TANKM, the reader is referred to

Section 11.2.3.

Subroutine TKDIM

See Se.tion II.2.3.

Subroutine BLOWER

See Section II.2.3

Subroutine CHEMRS

The objective of this subroutine is to provide the user with options
that lead to calculation of a default value for TPOOL, the thickness of
residual pure chemical on the tank bottom after product discharge. Two
default options are presented for the residual volume of pure chemical on
the tank bottom; these options for VRES are 0.2 and 5.0m3. Note that
these options are the same as are contained in subroutine POSTWH for the
TANKM model. The rationale for these values 1s the same in both cases
and is contained in Section 1I.2.3 and the POSTWH subroutine. Following
selection of the default VRES, the residual thickness TPOOL is calculated.

TPOOL = VRES/(LW)

53




Subroutine TKWAIIL

This subroutine contins twe dotaal. options tor the chemical
film thickness TFTIM on the tanlr walls prior to begianing of ventilation.
The following default values were calculated usiug the film estimation
method in Reference 9, which includes the effect ot product discharge

ullage rate and kinematic viscositv.

Option 1. TFILM = 3.9E-03 CM for kinematic viscosities
of the order of 200E-06 M2/sec.

Option 2. TFILM = 0.11E-03% CM for kinematic visocities

approaching 15E-06 M2/sec.

These options &¢re based ot a product discharge rate of 200 MT/hr at a
nominal cargo specific gravity of 1.0, Tank length and width have a

relatively minor affect on the calculated film thicknesses.

The smaller of the two film thicknesses would be applicable to the
bulk of the pure chemicals that do not require heating during shipment
and discharge. The larger film thickness would be appropriate for a
smaller group of viscous, heated cargoes. The user may perform a separate
hand calculation and input TFILM for a specific cargo and discharge

temperature,

Subroutine PREVNT

See Section T11.2.3

Subroutine VIWORK

L See Section II.2.3

- 11.3.4 Program Output

i. Execution of the TANKP program includes the same two generic
N output operations that are performed in TANKM rums.

5 Operation 1. - Transfer of input data from the TANKPI

@ data file in PREINK to TANKP. The out-

;v: put format in TANKPI is compatible with

X ; the input format in TANKP,
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Operation 2, - The results of program excceution are

o

output to a printer by TANKP,

The details of each output operation are presented below.

5 iv i drdrtsd

I1.3.4.1  TANF™I Output

b
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The TANKPI output statements are duplicated

below. Each WRITE statement contains an ordered pair of numbers in

parentheses. The first number, 2, creates the TANKPI data file, and
the second integer refers to the appropriate FORMAT number. Format

numbers 2, 3 and 8 are not shown because they are common to the TANKMI

[‘ output file,
{
S
- WRITE(2, 2) TESTWD
Ei WRITE(2,9) L. W, D, M, PA, TB, G, R, STEP, A, B, C, C1,
1 o2
. LRITE(2, 9) DELTA, EPSILN, PHI
9 FORMAT (&E12. &)
WRITE(2, 10) NSTEP
10 FORMAT (14)

WRITE(2,9) COV, Q, TFILM, TPOOL, TGAS. DIA, RZ

WRITE(2:, ) ALPHA, BETA, GAMMA

LRITE(2,9) ZETA, ETA, THETA

URITE(2, 6) NUMEXP 3

IF (NU;EXP CJHEL 0) WRITE(2,7) (ETIME(I), ECVYPPM(I), I=1, NUIMEXP)

WRITE(2,?) TI, TM, TWORK, DT

WRITE(2,3) TLYC, TLVTWA, TLVETL
WrRITE(2,8) ITWORK, IBLOW

IT.3.4.2 TANKP Qutput

TANKP produces nine blocks of output information,

BLOCK 1 - This block prints out selected pieces of input or default data.

The format of this printout is shown on the next page.
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VARIABLE

<TEr

co

T

TB

ICO

TFILM
TPOOL

TLVC
TLVTWA

TLVSTL

L. R XK. ]‘EST NO- L X X X 3
COMMON TANK PARAMETERS
DESCRIPTION UNITS RESULT
TANK LENGTH M
TANK WIDTH : M
TANK HEIGHT M
TANK VOLUME . M
INITIAL CONCENTRATION MG/M3
VENTILATION RATE M3/MIN
TOHNK PRESSURE MM HG

LIQUID BOILING POINT K

LIQUID SURFACE TENSION DYNES/CM
Wall AIR VELOCITY CM/SEC
LIQUID MOLECULAR WEIGHT CM/MAOLE
FILM THICKNESS ON WALLS cM

FILM THICANESS ON B0GTTOM CM
THRESHCLD LIMIT VALUE., CEILING PPHM
THRESHOLD LIMIT VALUE,

TIME-WEIGHTED AVERAGE PPM
THRESHOLD LIMIT VALUE,

SHORT-TERM EXPOSURE LIMIT PPM

BLOCK 2 - This block contains three entries.

l.

TWORKN - Statement defining the user selected in-tank

work activity (N = option selected).
TWORK - Duration of the in-tank work, min.

Statement defining blower status (on or off) during

tank entry.

BLOCK 3 ~ Block 3 displays the numerical values for nine variables that

relate to the chemical evaporation process on the tank bottom.

SUMMARY OF TANX BOTTOM RESULT

QUANTITY

FLOOR TEMPERATURE(K)

VAPOR PRESSURE (MM HG)

DIFFUSION COEFFICIENT(CHM2/8EC)
KINEMATIC VISCOSITY OF AIR(CM2/GEC)
SCHMIDT NUMBGER

RHOF (GM/CM3)

MDOTAZ (GM/CM2-SEC)

TAUB (SEC)

1/F(CMe%-1)

7‘6
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BLOCK 4 - This block tabulates eight wall-film chemical quantities and
their variation with depth from tank top to tank bottom, The table applies
to tank walis that arc parallel to the X=Y planc. AU o plven depth, Y,
into the tank, local values of the clght quantitics are assumed to be
constant over a distance increment DY. Thesce local quantities and their

units are:

TEMP (K) - Wall Temperature

MDOTXY (GM/CM2-SEC) ~ Evaporation flux

TAUXY (SEC) - Time to evaporate TFILM
D(CM2/SEC) - Diffusion coefficient
NU(CM2/SEC) - Kinematic viscosity of air
PV(MM HG) - Chemical vapor pressure

SC (dimensionless)

Schmidt number, NU/D
1/F(cm-1) - Reciprocal of film thickness at

surface of evaporating liquid

Note, that this_ table is presented in the output even though the ventilation

scenario may nct contain a film on these tank walls,

BLOCK 5 - This block is identical in format and content to BLOCK 4 and
pertains to the two remaining tank walls that are parallel to the Y-Z

plane.

BLOCK 6 - BLOCK 6 presents a tabulated time history of the calculated

tank vapor concentrations and other informational quantities.

CONCENT(PPM) - Tank vapor concentration

c/co ~ Ratio of instantaneous to initial
tank concentration

QT/vV - Cumulative tank turnovers or air

exchange at time t

MDOTG (GM/SEC) Instantaneous, integrated chemical
evaporation rate from all affected

surfaces
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MDOTHL (GM/SEC) ~ Instantaneous, integrated evaporation

rate from walls parallel to tank length

MDOTRHW (GM/SEC) - Same as MDOTHL but for walls parallel
to tank width
MDOTB (GM/SEC) ~ Chemical evaporation rate from the tank
bottom
Note that
s oo g . + 3
“c ~ g 2(‘“nL ”Hw) (19)

BLOCK 7 - BLOCK 7 summarizes in tabular form the vapor concentration-time

history in the tank during the period of time specified by TWORK., If the
blower ON option was selected, then concentration should decrease with
time. The calculated concentrations are assessed relative to the TLV-C
and the TLV-STEL, and if these levels are excreded, "Hazardous Working

Conditions'" are indicated.

BLOCK 8 - 1If the TLV-C and TLV-STEL ‘interpreted as an MAC) are not

exceeded at any time during TWORK, then the in-tank CV(PPM) profile is
integrated to yield the average exposure concentration, which is an out-
put quantity. The &-~hour TWA exposure is calculated and compared to the

TLV=-TWA, and the results are displayed in the output.

BLOCK 9 -~ BIOCK 9 is a computer-generated graph of the calculated gas free-

ing concentration~time history and includes plotted experimental data if

input by the user.

[T.3.5 Hazard Assessment

The hazard assessment logic that is programmed into TANKP

is didentical to the logic in TANKM as described in Section I7.2.5.

As in TANKM, the asgessment is based on the ACGIH Threshold
Limit Values in Reference 1i. When time weighted average exposures are
calculated, they are referenced to an 8~hour work day because the TLV-TWA

is based on this work schedule, i.e. eight hours on followed by 16 hours off,
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In the future, on-going research efforte may provide guidance on adjustments
to the 8-hour TLV-TWA for maritime work schedules, e.g. & on-8 off or 6 on-
6 off, If adjustments are indlcated, they can be incorpurated with minor

programming modifications.

I1.,3.6 Example of TANKP

This example demonstrates the use of the TANKP model for a
tank that had carried ethyl acetate and was ventilated without an initial
washing. The TANKM example contained five elements of hard copy. These
same elements, which pertain to the TANKP run, are included in this

example.

Comments concerning this TANKP example are presented

below.
o This example represents a test that was conducted in

a small barge-size tank with dimensions of 3.7m x

3.7m x 3.7m.

o A 90-minute ventilation period preceeded a 1l5-minute

in-tank work activity,

o In this example, the residual chemical is on the tank

bottom, the walls do not have a residual film,

o The output data indicate that the vapor concentration
rose initially, and then declined to a steady-state
or constant value, This constant level represents
an equilibrium between the rate of chemical evaporation
and the vapor discharge rate. According to the model
formulation, the plateau would extend to 539 min
(TAUB), which would signify the termination of evapora-
tion. If the program had been run beyond that time,

concentration would have fallen exponentially.

o The majority of the chemicals that are shipped by water
have either a TLV-C or a TLV-TWA and a TLV-STEL. A
small group of chemicals that includes ethyl acetate
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TANKP EXAMPLE
SRUN PRETNK

PROGRAM FRETNK 1S AN INTERACTIVE FROGRAM DESIGNEL: FOR
THE USER TO EASILY INFUT DATA COMFATIELE FOR FROGRAM
TANKM OR TANKF

1. TANRM - FRDGRAM THAT CALCULATES THE CONCENTRATION-
TIME HISTORY OF CHEMICAL VAFORS LISCHARGED
FROM A TANK DURING DILUTION VENTILATION IN
THE FRESENCE OF CHEMICAL SOLUTE EVAFORATION
FROM AN AQUEOUS SOLUTION OF RESIDUAL CARGO
ON THE TANK FLOOR.

2. TANKF - PROGRAM THAT CALCULATES THE CONCENTRATION-
TIME HISTORY OF CHEMICAL VAFOR DOISCHARGED
FROM A TANK DURING DIILUTION VENTILATION IN
THE PRESENCE OF EVAFORATION OF FURE
CHEMICAL RESIDUES FROM THE TANK WALLS ANI
FLOOR. :

SELECT A 1 OR 2 70 INDICATE FOR WHICH FROGRAM YOU
WISH TO INFUT DATA
nd

<~

INPUT TEST NUMBER
26

[0 YOU HAVE TANK DIMENSIONS (Y/N)7?
Y

ENTER TANK LENGTH, WIDTH» AND TEFTH IN METERS
J:66 .66 3.66

Nno YOU KNOW THE. BLOWER FLOW RATE (Y/N)7?
Y

INFUT MEASURED FLOW RATE (M3/MIN)

S5.126

ENTER DIAMETER OF RBUTTERWORTH OFENING IN METERS
+1016

THE FROGRAM ASSUMES THAT THE VESSEL TRIM ANGLE IS
REDUCED TO ZERO AFTER DISCHARGE AND THE CHEMICAL
RESIDUE IS UNIFORMLY DISTRIRUTED OVER THE TANK EOTTOM
DURING GAS FREEING.

DO YOU KNOW THE THICKNESS OF THIS CHEMICAL RESIDUE ON
THE TANK BOTTOM AFTER DISCHARGE (Y/N)7?
Y

INPUT TPOOL» THE THICKNESS OF LIQUID LAYER ON TANK
ROTTOM» IN CHM

1.2

1S THE FILM THICKNESS ON THE TANK WALLS KNOWN(Y/N)7?
Y

INFUT THE FILM THICKNESS, TFILMr IN CHM.
0.

- —

60

R U SO S PP U RPUIE SO ST VU SR U U S S - G P D S S U S W U WP WU QI Sy NI S Y

| S



vj’, o a n-vr-—nr‘v:v—‘r—r‘r‘!:‘r Pl
o St .‘.-‘,d.

ey
P

x "y
‘lr v

Nuk 4
.
P

LA e mmt s W vaad Wt as emm iaeis ST 4 o Ll st L cieia e e e

ENTER IN ATMOSFHERIC PRESSURE IN #MM HG
760.

ENTER As By C» CHEMICAL VAFDR PRESSURE CONSTANTS
7.10179E00 1.244951E03 0.217881E03

IS PREVENTILATION VAFOR CONCENTRATION KNOWN (Y/N) 7
Y

ENTER CONCENTRATION IN PFM
+23692ES

ENTER FOR INTEGRATION » TI (INITIAL TIME)» AND DT
(INTEGRATION TIME STEF). DIT MUST BE A WHOLE NUMEER.
TM AND TM+TWORK MUST BE MULTIFLES OF OT.

0.0 1.0

INPUT UENTILAT%ON TIME, TMs» TO MAN ENTRY
?0.

OFTIONS FOR DURATION OF MAN ENTRY, TWORK IN MIN.» IS AS
FOLLOWS:
1. BRIEF VISUAL INSPECTION AND ODIOR DETERMINATION
WITH CARGO SURVEYOK.
TWORK = 1 - 2 MIN.
2. INSFECT TANK COATINGS AND MEASURE THICKNESS
TWORK = 15 - 45 MIN.
3. HAND MUCKING OF RESIDUE WITH TOWELS AND RAGS
(RELATIVELY DIRTY TANK)
TWORK = 90 MIN.
4. SWEEP DEBRIS FROM TANK EOTYTOM AND WIFE FPUMF SUMF
(RELATIVELY CLEAN TANK)
TWORK = 40 MIN.
S. USER SPECIFIES
SELECT AND ENTER A 1-5 TO INDICATE WORK DESCRIPTION
-

INPUT DURATIONs IN MINUTESy OF MAN ENTRY IN TANK
15.

ENTER VAFOR TEMFERATUREs TGAS,» IN DEGREES KELVIN
DURING GAS FREEING. SINCE THE TANK WILL NOT EE
WASHED» AN ISOTHERMAL VENTILATION FROCESS IS5 ASSUMED
284.7

ENTER OCCUPATIONAL EXPOSURE LIMITS (ACGIH)

ALL EXFOSURE LIMITS ARE INFUT IN FFM
DOES THE COMPOUND HAVE A CEILING TLV (Y/N)?
N

INFUT TLVTWA ANLD TLVSTEL
400 400

ENTER M, SOLUTE MOLECULAR WT. IN GM/MOLE
88.1

ENTER R2y JET DEFLECTION + WALL JET DISTANCE IN METERS
2.71
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INFUT NUMBEK OF FOINTS IN EXPERIMENTAL LATA » MAXIMUM
OF 200 POINTS (ENTER O (ZERO) IF NO FOINTS)

10
INFUT TIME AND CONCENTRATION FOR EACH FOINT
ETIME (1) ’ ECVFFPM(1)
* y .
ETIME (NUMEXF) ’ ECVFPM{NUMEXF)

0.0 23692,
0.5 22118,
5.0 208%0.
11.5 17894,
16.0 17050.
26.0 15360,
39:0 14899.
64.0 14899,
89. 14054.
114.0 13600,

ENTER TR, CHEMICAL BOILING FOINTy DEG K.
350

ENTER IN Gs CHEMICAL SURFACE TENSION, DYNES/CM AT 20
DEG C

25.4

ENTER Ry UNIVERSAL GAS CONSTANT (CM3-MM HG) / (MOLE-K)
+6235BES

E4TER Cl» C2y CUR/E FIT COEFFICIENTS ON LTIQUID DENSITY
AS A FUNCTION OF TEMFERATURE
59.093 -0.433E-01

ENTER ALFHA» BRETAs. GAMMAs CURVE FIT COEFFICIENTS ON WALL
TEMFERATURE FOR WALLS PARALLEL TO X-Y FLANE IN M
28.02E1 0.0 O.v

ENTER ZETA» ETA» THETAr CURVE FIT COEFFICIENTS ON WALL
TEMPERATURE FOR WALLS FARALLEL TO THE Y-Z FLANE IN M.
28.,02E1 0.0 0.0

ENTER DELTAs EFSILN» FHIs» CURVE FIT COEFFICIENTS FOR
KINEMATIC VISCOSITY OF AIR (FT2/SEC) AS A FUNCTION OF
TEMF(F) AT ATMOSFHERIC FRESSURE.

+1k86714E-3 0.657143E~6 0.0

ENTER STEFs NUMRER OF SUERDIVSIONS OF H» DY=H/STEF
10

ENTER NSTEP» INTEGER VALUE OF STEF
10

WILL BLOWER BE OPERATING DURING TANK ENTRY (Y/N)7?
Y
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>RUN TANKF
DENSIMETRIC FROUDIE NO. = 64,022

DENSIMETRIC FROUDE NUMBER AT BEGINNING

OF VENTILATION IS GREATER THAN 50. EBLOWER CAFACITY
IS SUFFICIENT FOR THE VENTILATING JET TO FENETRATE
THE VAFPOR SFACE AND IMFINGE ON THE TANK ROTTOM.
COMPLETE JET FENETRATION AND IMFINGEMENT ENSURES
THAT THE VAFOR CONCENTRATION IN THE ULLAGE SFACL
IS HOMOGENOUS AND THAT THE WELL-MIXED MODELING
ASSUMPTION IS VALIDI. FOR FURTHER DETAILS» CONSULT
REFERENCE 4 OF THE CONTRACT FINAL REFORT.

TY30 -~- STOF

#RUN FLTANK

*FIF SCRATCH.DAT#%/DE

>FIF LF.LST=TANKFOD.LAT/RE

>% DO YOU WANT A HARD COFY OF TANKFO (Y/N) 7 [S2: Y
»PIF LF.LST/SF

=1/

>@ <EOF.
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*TYPE TANKFI.DAT
26

+366000E+010.366000E4+010.,366000£4+010,881000E+020.,760000E+030.350000E+03
+254000E+020,623580E+050,100000E+020.710179E+010,124495E+040.217881E4+03
+5P0930E+02-,433000E-01

+116714E-030.657143E-060.000000E400
10

+2346920E+050.512600E4010.000000E4+000.120000E4010.284700E+030,101600E+00
«+271000E+401

+280200E4+030.000000E4000.,000000E+00

+280200E+030.000000E+000.000000E+00
10
0.0000 23492.0000
0.5000 22118.0000
5,0000 208%90.0000
11,5000 17B%4.0000
16.0000 170%0.0000
26.0000 153460.,0000
39.0000 14899.0000
64,0000 14899.0000
89.0000 14054.0000
114.0000 13600.0000

«000000E+000.200000E4020.150000E+020.100000E+01
D.00000E4+00 0.40000E+03 0.40000E+4+03
2Y
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64. 022

DENSIMETRIC FROUDE NUMBER AT BEGINNING

OF VENTILATION IS QREATER THAN 50. BLOWER CAPACITY
IS SUFFICIENT FOR THE VENTILATING JET TO PENETRATE
THE VAPOR SPACE AND IMPINGE ON THE TANK BOTTOM.
COMPLETE JET PENETRATION AND IMPINGEMENT ENSURES
THAT THE VAPOR CONCENTRATION IN THE ULLAGE SPACE
IS HOMOGENOUS AND THAT THE WELL~MIXED MODELING

ASSUMPTION IS VALID.

FOR FURTHER DETAILS, CONSULT

REFERENCE 4 OF THE CONTRACT FINAL REPORT.

#ner  TEST NO. 26 wERER
ONE-TIME OUTPUTS

VARIABLE DESCRIPTIDN UNITS
L TANK LENGTH M
W TANK WIDTH M
H TANK HEIGHT M
Vv TANK VOLUME M
co INITIAL CONCENTRATION MG/M3
Q VENTILATION RATE M3/MIN
P TANK PRESSURE MM HG
B LIGUID BOILING POINT K
G LIQUID SURFACE TENSION DYNES/CM
U WALL AIR VELOCITY CM/SEC
M LIQUID MOLECULAR WEIGHT GM/MOLE
TFILM FILM THICKNESS ON WALLS cM
TPOOL FILM THICKNESS ON BOTTOM CcM
TLVC THRESHOLD LIMIT VALUE, CEILING PPM
TLVYTWA THRESHOLD LIMIT VALUE,

TIME~WEIGHTED AVERAGE PPM
TLVSTL THRESHOLD LIMIT VALUE.

SHORT-TERM EXPOSURE LIMIT PPM

TWORK2 ~ INSPECT TANK COATINGS AND MEASURE THICKNESS

TWORKE = 15. 0000 MIN.

BLOWER IS ON DURING MAN’S ENTRY

SUMMARY OF TANK BOTTOM

QUANTITY RESULT
FLOOR TEMPERATURE (K) 280. 2
VAPOR PRESSURE (MM HG) 36.9
DIFFUSION COEFFICIENT(CM2/SEC) 0. 0771
KINEMATIC VISCOSITY OF AIR(CM2/SEC) 0. 1355E+00
SCHMIDT NUMBER . 1.7576
RHOF (GM/CM3) 0.917
MDOTXZ (@M/CM2-SEC) 0. 3403E~-04
TAUB (SEC) 32324. 9
1/F(CM#%~1) 2.411

65
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RESULT
3.
3.

3.
49.

S.
760.
350.

25.
29.
88. 10

0. 00

1. 20
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0. O0000E+00
0. 40000E+03

0. 40000E+03
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EVALUATION OF VAPOR CONCENTRATIONS DURING MAN-ENTRY

TANK 1S ENTERED AT TIME = <90.0 MIN
TANK IS EXITED AT TIME = 105 . O MIN

PREDICTED INSTANTANEOUS EXPOSURE CONCENTRATIONS EXCEED THE TLV-STEL
TIME (MIN) CONCENTRATION (PPM)
90. 00 14140.4 HAZARDOUS WORKING CONDITIONS
?1. 00 14140. 3 HAZARDOUS WORKING CONDITIONS
92. 00 14140. 2 HAZARDOUS WORKING CONDITIONS
?3. 00 14140. 1 HAZARDOUS WORKING CONDITIONS
?4. 00 14140.0 HAZARDOUS WORKING CONDITIONS
95. 00 14140.0 HAZARDOUS WORKING CONDITIONS
96. 00 14139. 9 HAZARDOUS WORKING CONDITIONS
97. 00 14139. 9 HAZARDOUS WORKING CONDITIONS
98. 00 14139. 8 HAZARDOUS WORKING CONDITIONS
99. 00 14139. 8 HAZARDOUS WORKING CONDITIONS
100. 00 14139. 7 HAZARDOUS WORKING CONDITIONS
101. 00 1413%9. 7 HAZARDOUS WORKING CONDITIONS
102. 00 1413%9. 7 HAZARDOUS WORKING CONDITIONS
103. 00 14139. 6 HAZARDOUS WORKING CONDITIONS
104. 00 1413%9. 6 HAZARDOUS WORKING CONDITIONS
105. 00 1 14139. 6 HAZARDOUS WORKING CONDITIONS

PREDICTED AVERAGE IN-TANK EXPOSURE AS MEASURED BY A DOSIMETER = 14139 89 PPM

DOSIMETER MONITORING WOULD INDICATE THAT

THE AVERAGE IN-TANK EXPQSURE EXCEEDS THE
TLV~-STEL FOR THIS CHEMICAL VAPOR AND A HAZARDQUS
WORKING CONDITION EXISTS. -REDUCE EXPOSURE

BELOW TLV-STEL BEFORE ASSESSING THE TWA EXPOSURE.
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have a TLV=-1TWA but no STEL.  As the hazard asscssment
does not reflect this minority group, the example was
[»'E executed with a psecudo-STEL ecqual to the TLV=TWA. The
3 assessment indicates that hazardous working conditions
exist. In fact, entry should not be permitted bhecause

vapor concentrations are above that which is Immediately

L Dangerous to Life and Health (IDLH), i.e. 10,000 ppm.
F Therefore, it is recommended that the IDLH value be

o substituted for the STEL when executing runs for those
o

E’; chemicals that have only a TLV-TWA.

T‘ 1T.4 Flow Charts for PRETNK, TANKM and TANKP

The interactive driver, PRETNK, controls the input, default options
and other branched decisions for both TANKM and TANKP. Certain portions
of the requirerients in PRETNK are common to both tank models. Because of

this commonality and for ease of reference, the flow charts for all three

programs are presented in this section.

Each flow chart has been prepared using the philosophy that a chart

should be functional, clear and devoid of excessive detail. Based on these

"-Z"_ criteria, the charts indicate the major logic elements and branch points.

- TANKM and TANKP models reflect two distinctly different tank conditions
. at the beginning of ventilation. Because of this difference, there is

. minimal commonality in the programming of these models, One exception is
hazard evaluation, which is common to both programs and is contained in

L subroutine BLOW.
F.

I1.5 Model Limitations

Model limitations derive from assumptions regarding tark internal

4

e structure, blower jet penetration, homogeneous varor space, evaporation

N of water solvent and sub-saturation solute concentration. The limitations
Al are discussed in detail in Section 1V.?.5 of Reference 13.
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FLOW CHART FOR INTERACTIVE DRIVER, PRETNK

Select Tank
Cleaning Scenario,
TANKM or TANKP

Y

Input Test Number

Y

Input Tank Dimen-
sions or Select
Default Values
Subroutine TKDIM

Input Blower JDefault Subroutine
Flow Rate BLOWER

Input Butterworth
Opening Diameter

Select Method

Input Residual
Chemical Thickness
or Select Default
Values

Subroutine CHEMRS

Y

Input Chemical Film

Thickness on Walls

or Select Default
Values
Subroutine TKWALL

Pure

- N

of Calculat Chemical
ing Henry's

Coefficient

Input Residue

Thickness and Default . Subroutine
Solute Con- POSTWH
centration ;

!
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Infput Atmospheric
Pressure and
Chemical Vapor
Pressure Constants

Input Preventila~ [pefault
tion Vapor
Concentration

L annl Sl e Rl Sef amihi aueht aue A AR A

Subroutine
PREVNT

Y

Input Initial
Time and
Integration
Time Step

Y

Select Duration
of Tank Entry
and Work
Performed
Subroutine VTWORK

T~ [T [T

Input Isothermal
Gas Freeing
Temperature

Input or Select
Default Values
for Ventilation
Temperature~Time
History
Subroutine VENTMP

Y
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Input Occupational
Exposure Limits

Y

Input M, R2,
and
Experimental C(t)

Select JSWITCH
for MINIT
Calculation

t' - Y

Select Blower
Status During
Tank Entry

Establish TANKMI Establish TANKPIL
Data File in N Pure y Data File in
Format Compatible Chemi cal Format Compatible
With TANKM with TANKP
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FLOW CHART FOR TANKM

Trans fer

Input Data
From PRETNK
to TANKM

Initialize Problem,
Perform Preliminary
Calculations.

Exercise JSWTCH OPTION
for Minit Calculation,
Exercise HEVAL Option for
Calculating Partition

Coefficient,

T

Call RUNGE

Integrate Differential
Equations for CV and
CL at Next Time Step

!

Function EVAL called
from RUNGE.

Calculates Variables
at Intermediate Time.:
Between t and t + dt

Y

Update Variables at
Current Time

Y

Output Results of
Integration at Time t

All Chemical Evaporated.
Initiate Exponential Gas
Freeing for Additional
Time Equal to Five Tank
Turnovers (V/Q) and CQutput
Results,

X
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I Integrate C(t) I
During Work 3 [ntegration
l Period T and Performed l
Calculate Average in Subroutine
| Exposure % QSF I
| Concentration I
Assess Exposure
l Level Relative |
to TLVIWA, TLVSTEL <
l or TLVC l
; L —_— ]

F Plot Experimental

¥ and Analytical —1  piotting
= Concentration -— Subroutine
= Time Histories

¥

b
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FLOW CHART FOR TANKP

Transfer Input
Data From
PRETNK to TANKP

Y

Calculation and Output
of MLOTXZ, TAUB and
Evaporation Variables

Y

Calculation and Output
of MDOTXY, MDOTZY, TAUXY,
TAUZY and Wall
Evaporation Variables

Y

Integrate Local Evaporation
Flux Time Histories to Obtain
Total Evaporation Rate-Time
Profile

S —

Call RKLDEQ

Integrate Differential
Equation for Vapor
Concentration at Next
Time Step. Integration
Uses Time Dependent
Total Evaporation Rate

Y

Qutput Results of
Integration at
Time, t.

Y

Increment
Time by dt
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Subroutine BLOW

Integrate C(t)
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T

During Work L——Jd [ntegration
Period ™ and Performed
Calculate in Subroutine
Average Exposure < QSF |
Concentration

Assess Exposure |

Level Relative

to TLVIWA, TLVSTEL [€&———

or TLVC |

Plot Experimental

and Analytical Plotting

Concentration o — Subroutine

Time Historles
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ITT. PLUME DISPERSINN MODEL

F III.1  Vapor Emission Scenarios

Plumes of gas containing vapors firom liquid bulk cargos are emitted
from cargo tank vents into the air above the deck of tankerships and barges
during routine operations. While cargo vapors may also be emitted frcm
_ fugitive emission sources such as P/V valves, drip pans or liquid accumu-
;sl lations beneath leaking pumps, pipes or flanges, these emissions are small

in comparison to the vapor plumes emitted during cargo loading or tank
ventilation.

During cargo loading. vapor is evaporated from the incoming liquid
to form a "vapor blanket" above the liquid/gas interface. This vapor
diffuses upward, away from the interface, and mixes with the gas atmosphere
initially in the tank. As the liquid level rises, the tank gas atmosphere
is displaced from the tank through an open ullage hatch or tank vent, as
shown in Figure 1. The volumetric flowrate of vented gas is equal to the
cargo loading rate. However, the vapor concentration in the vented gas
can vary considerably during loading. The measurements of vent concentra-
tion reported in reference E13] showed that

o for "dedicated" tanks that have not been washed and venti-
lated before loading, the initial "arrival" vapor concen-
tration can be high. Vapor concentration at the tank vent
increases slowly, and may approach the saturated vapor con-
cefitration when the vapor blanket approaches the top of the
tank near the end of loading. Figure 2 shows a graph of vapor
concentration measured at the tank vent versus time for the
loading of methanol into a dedicated tank.

o for tanks that have been washed and ventilated before load-
ing, the initial "arrival" concentration can be low. Vapor
concentration at the tank vent increases more rapidly during
loading and may also approach the saturated vapor concentra-
tion near the end of loading. Figure 3 shows a graph of vent
concentration measured during loading of ethanol into a washed
and gas-freed tank.

During tank ventilation operations, fresh air is blown into the tank
in order to dilute or replace the tank gas atmosphere which contains the
vapor of the previous cargo. The vented gas flowrate will be the same as
the flowrate of incoming fresh air. As the tank gas atmosphere is diluted
or displaced, the vapor concentration at the tank vent may vary with time.
The TANKM and TANKP models described in Section Il may be used to es-
timate the time dependent behavior of the vapor concentration in the tank
during ventilation.

Unless arrangements are made to collect and return the tank gas
atmosphere to shore during cargo loading and tank ventilation operations,
the tank atmosphere is vented directly to the air where it is dispersed
by the wind. Crewmen working in the vicinity of a tank vent during these
operations may inhale air that contains cargo vapor from the vented gas plume.
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The size of the vapor plume downwind of a tank vent, and the level
of vapor concentration at man breathing height, depend upon several factors
such as

o the vented gas flowrate,
o] the vapor concentration in the vented gas stream,

0 the height and the diameter of the vent used to emit the
vented gas stream, and

o the ambient wind velocity.

In many cases, the plume source conditions, characterized by the vented
gas flowrate and vapor concentration, vary slowly with time. On the other
hand, the ambient wind varies randomly in both speed and direction. These
turbulent fluctuations in wind speed and direction affect the instantan-
eous position of the plume relative to the deck and cause the vapor con-
centration at downwind locations to fluctuate in time.

For hazards analysis we are interested primarily in the mean, or
time average value of vapor concentration. Therefore, it is necessary to
define the basis for time averaging and tn include the effect of wind
turbulence in the plume dispersion model. The plume dispersion experi-
ments reported in reference [13] showed that a sampling period of 10
minutes was sufficient for determining average values of wind speed, wind
direction and vapor concentration. The elements of the ONDEY computer
model for predicting the dispersion of a chemical vapor plume emitted
continuously from a tank vent are described in Section II11.2. Listings
for two versions of the ONDEK computer model in FORTRAN appear in Appendices
B and C. These versions differ only in their graph plotting capability.
The ONDEK4 program, listed in Appendix B, prepares an output file for use
with PLOTI0 graphics software. The ONDEK3 program, listed in Appendix C,
produces graphs using standard line printer commands for lineprinter or
CRT output.

II1.2 Elements of Program ONDEK

IT1.2.1  Model Description Summary

The ONDEK chemical vapor plume dispersion model is based
upon the numerical integration of a set of conservation equations for mass
and momentum along the axis of the plume. Ooms' method [14] is used to com-
pute the behavior of plumes that are elevated above deck level. 1In those
circumstances (emission of a very dense plume at low wind speeds) where it
may be possible for the plume axis to descent to deck level, TeRiele's
method [15] is used to compute plume behavior downwind of the transition
point. References [14] and [15] should be consulted for the derivations and
detailed descriptions of these models.

Ooms considers the development of plumes that are bent
over by the wind but remain symmetrical about their axis. QOoms writes
four equations for the conservation of mass, chemical species and momentum
within the plume. These equations are:
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e Comservation of mass

4 (272 .
i I punr dr | = 2"bpa.{?1lu (s)l + ap Uy Isin elcos 8 + a3 ui} (20)
o

e Comservaticn of chemical species

b2
d (j cu Zﬂr-d;> =0 ’ (21)
[o]

ds
e Conservation of momentum in the x (downwind) directiom

d

w2
ds (

pu? cos8 2mr dr) = 27bp, U, {a]_lu*l + ap Ualvsinelcos6+a3 u'}
2 3
+ Cq Thp, U, Isin e| (22)

e Conservation of momentum in the z (vertical) direction

. d bv'Z Y2
5 is j pu?sin 6 27mr dr -j g(p,=p) 2mr dr + Cy bpy U,% sin?6 cos® (23)
S () o
. where
b = plume characteristic radius, m
Cq = plume drag coefficient, dimensionless

vapor concentration, kg/m?

" Y
. A
PRI o N
(o]
i

- = acceleration of gravity = 9.8 m/sec?

o = plume radius, m

:?. S = distance along the plume centerline, m

Le : .

B Uy = time average wind speed, m/s

. u = Jlocal velocity in the plume, m/s

g u” = turbulent entrainment velocity, m/s

i‘ T velocity on the plume axis, m/s

e oy = entrainment parameter for shear, dimensionless

: ap = entrainment parameter for buoyancy, dimensionless
a3 = entrainment parameter for turbulence, dimensionless

- 0 = angle of the plume axis with respect to the horizon, radians

L) p = plume density, kg/m3

5' pa = ambient air density, kg/m?
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The plume density depends upon both the ccncentration and
and the temperature of the gas being vented to the atmosphere. In most in-
stances, product is loaded onto the ship or barge from an above-ground storage
tank on shore. Then, the temperature of the cargo tank atmosphere is very
close to the ambient air temperature, and the plume dispersion process can be
assumed to be isothermal. This assumption allows the plume density to be
related directly to the plume concentration through

(Po-Pa) (24)

P = Pa + Po

where p_ = density of pure chemical vapor. Gaussian prcfiles are assumed
for the concentration and velocity defect (the difference between the plume
velocity and the component of the ambient wind speed in the plume direction).

271212
c = ot er/)\b

(25)

202
u=-U, cos § = u* et /b (26)

In these equations,

*
c

it}

rlume centerline concentration, kg/m?

it

A? turbulent Schmidt number squared = 1.35

These similarity profiles are substituted into the con-
servation equations (20) - (23), and the equations are integrated to give
four simultaneous, ordinary differential equations to be integrated
numerically. The dependent variables for these four equations are c*,
b, u*, and 8. Two additional equations are included to compute the tra-
jectory of the plume axis

ds = sin @ (27)
%§~ = cos 8 (28)

where z and x are the vertical:and horizontal coordinates of the plume
axis.

Ooms suggests values of ajy = 0.057, ap = 0.5, a3 = 1.0
and Cq = 0.3 for the plume model parameters. However, plume concentration
measurements reported in [13] and [16] indicate that a value of a3 = 3 is
appropriate when u” is taken to be the r.m.s. of the turbulent wind speed
fluctuations. When the plume is close to the deck, an image plume is in-
cluded when the concentration distribution is computed If the elevation,
z, of the plume centerline drops to deck level, a transition is made to a
simplified version of TeRiele's model for heavier-than-air gas plumes at

ground level.
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TeRiele's model consists of four equations for conser-
vation of mass and momentum, and was developed to predict the downwind dis-
_ persion of vapors from area sources. TeRiele's equation for mass conserva-
bt! tion within the source area is not required. However, the other three
. equations that apply far downwind of the source area can be applied. There
is one equation evaluated at two different limits (y = Y|)

JYL[% [Jocudz:” dy=l:cJ:nKyg§dz:l

In this equation Y| is the crosswind integration 1limit, equal to either
/2/2 gy or «. Also in this equation,

Ky is an atmospheric dispersion coefficient.

There is one equation for conservation of momentum

= ,:6['1- cu dydz] -J Pgr « Tg dy

where Cgr concentration at ground (deck) level, kg/m®
density of the plume at ground (deck)level, kg/m?
wind shear stress at ground (deck)level, kg/ms?

pgr

To

A Gaussian type profile is assumed for the concentration

- distribution, and a power law profile for the wind velocity
-

" 2 1+2a

- - - - -L - _z...

& ©T % =P [ ("y) ("z) ]

e

p - 4 u

$ u =y, (zo)

t;,'{

[‘ where c, = concentration on the plume axis at deck level, kg/m?
?" u, = wind speed at reference height, m/s

E; z, = reference height, m

;j; = velocity profile parameter, dimensionless
ie oy = horizontal dispersion coefficient, m

o o, = vertical dispersion coefficient, m

r-

-
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Substituting these profile formulas into the conservation equations and
performing the integration gives three simultaneous, ordinary differential
equations for c,, 0y, and o,.

Conceéntration profiles must be matched at the point of

transition from Ooms' to TeRiele's model. The following matching equations
can be derived to relate c¢, and oy to ¢* and b

cg = 2c” (33)

oy = Ab (34)

Since the form of the concentration profiles for Ooms' and TeRiele's method
are different (they are the same only if a = 0.5), it is necessary to
estimate a value of o, that gives a good "global" match to the concen-
tration profiles. We have required that the integral

o0

j. c dz be equal for both methods along the y = 0 plane.
0
This gives a relation between o, and b
_ e 1+2a
o= b it (35)

With these values of ¢4, o,, and o, as starting conditions, TeRiele's
equations are integratea nu%erica]]y without further reference to Qoms'
variables.

Ooms' plume dispersion method strictly applies only to
plumes with self-similar Gaussian concentration profiles as given by
equation (25). However, the jet of air and vapor that emerges from the
vent exit has a concentration distribution that is flat (the concentration
is constant, independent of radius). Turbulence produced by the vent gas
stream entrains ambient air into the jet so that the concentration distri-
bution is soon transformed from a top hat profile to a Gaussian profile
at some distance downstream from the vent exit. To estimate this distance,
and to calculate the appropriate initial values for Ooms' plume variabl s,
two correlation equations for jet development are used.

Kamotani and Greber [17] developed a correlation for the
rise height of a turbulent jet in a crossfiow

b
Z,/d = ay (x/d)" (36)

where I, jet centerline elevation above the exit, m

vent diameter, m
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X = downstream location, m
a, = empirical parameter, dimensionless
by = empirical parameter, dimensionless

Reference [17] iresents data in graph form for the empirical parameters, ay
and by, in terns of the jet momentum ratio, J,

J = Pj sz/pa Ua2 (37)
where pj = jet discharge density, kg/m?
Uj = jet discharge velocity, m/s

The behavior of a, and b, can be approximated by numerical curve fits

b, = 0.4 for J <10 and (38)
by = exp [-0.744691 - 0.074525 an(J)] for 10 < J < 60 (39)
ay = exp [0.405465 + 0.131368 2n(J) + 0.054931 (Qn(J))z] (40)

The values of ay, and by, predicted by Equations (39) and (40) are in good
agreement with Kamotani and Greber's own equation

z,/d = 0.89 3047 (x/4)0-36 (41)

which was recommended in [17] for the range of 15 < J < 60 and 0 < (X/d)
< 20. :

While equation (36) may be used to predict the plume tra-

jectory close to the vent, another correlation is needed to predict the plume

path length required for development of a Gaussian profile. Keefer and
Baines [18] investigated the axial velocity decay for jets of air discharaed
normal to a flowing stream. Their data gives values for the onset of axial
velocity decay (an indication that turbulence has "worr down" the sides of
the top hat velocity profile) for jets with velocity ratios of Uj/Ua =

4, 6, 8

Path Length Velocity Ratio
S/d Uj/Va
1.59 4
1.92 6
2.30 8
90

1




AD-AL28 768  HAZARDOUS CHEMICAL VAPOR HANDBOOK FOR MARINE TANK

SSELS(U) SOUTHWEST RESEARCH INST SﬂN RNTDN!O LE 3
M J ASTLEFORD ET AL. OCT 83 USCG-D-12
UNCLRSSIFIED DOT-CG-984571-A F/G 972 KL

n




‘ |0 &2 2
g £
2

e

e

2 s o

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STanDAKDS 1963 4




R er v-‘-—v’A YT —‘Tv’v;-i;- T v vever vy Tere e e v
i LT R P z o
e P Y c . RN N

AR TR IR B o erhth i S e it 4

LR ol kg
AR

— W WY Tl Tl e v W 1*-—‘#'—"—'—""""'—'—‘—7""#7"r'"r‘1—1—'1’1v~—1'—1

This data is used as the basic for a numerical curve fit
S/D = 0.871667 + 0.1775 * (Uj/Ua) (42)

used in the computer program. Equations (42) and (36) are solved simul-
taneously in subroutine START to determine the initial coordinates of
the plume for integration of Ooms' model equations.

The initial value for plume angle, 6, 1is calculated with
the help of equation (36) as

6 = tan-! [av by (X/d)bv—]] (43)

The initial value of plume radius, b, 1is calculated by requiring that the
rate of chemical vapor transport is equal to the rate of chemical vapor dis-
charge from the vent.

The discharge rate from the vent is
m= = *Co* Uj (44)
while the chemical transport rate may be calculated from Qoms's equation (21)

> 2 3 2p2 P2 /K2
me c*e‘”/“’*[ua cose+u*e‘”/b]2m~dr (45)
0 .

At the start of computation with Ooms' model

c* Co and (46)

*
u

Uj - Uy cos © (47)

Integrating equation (45) and equating it to equation (44) gives an algebraic
equation for b in terms of d, Uy cos 6 and Uj

b = dV]+>\2 (48)

) Ua cos 6 2241
m

In the computer program, Ooms' recommended value of A% = 1.35 1is used so
that equation (48) simplifies to

6597 d
b = 0.65 - (49)

[1+1.35 Uy cos e/Uj]
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[11.2.2 Input Data Requirements

A1l of the input data needed to run the ONDEK plume
dispersion model is entered by the user from a remote terminal. In order
to identify the output data record, the user is asked to supply the follow-
ing information first.

o Today's date (up to 12 characters).

0 The name of a vessel, place or other descrintive
phase (up to 40 characters).

0 The name of the cargo vapor or gas being emitted
(up to 20 characters).

Next the program takes a set of variables within a particu-
lar group, such as "vent geometry", or "atmospheric conditions". The current
or default values for each variable in the group are displayed at the user's
terminal. The user is asked to signify whether he wishes to change any of the
current values. If a change is desired, the program lists each value in turn,
and asks whether the user accepts the listed value. If the listed value is not
desired, the program accepts a new value entered by the user at his terminal.
Table IV furnishes values for the necessary chemical properties of eleven com-
mon chemicals, for use with this program. After all variables within a group
have been accepted or updated, the program displays the new set of current
values. If this set is accepted. the program moves on to the next group.

The input groups and sets of variables are listed below.

0 Vent Geometry

- vent diameter, m
- vent height above the deck, m
- deck height above the water or dock, m

0 Atmospheric Conditions

- atmospheric pressure, psia

- atmospheric temperature, °C

- wind speed at reference height, m/s
- reference height, m

- wind turbulence level, m/s

) Plume Venting Conditions

- cargo loading rate or gas emission rate, m®/s

- vapor molecular weight, kg/mole

- cargo vapor pressure corresponding to vent concen-
tration, psia

0 Plume Computacion Conditions

- initial value for plume path distance, m

- distance along plume path between printouts, m

- maximum downwind distance for computation, m

- zcon, height above deck at which concentration
contours are predicted, m
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o Concentration Values for Hazard Analysis

- upper flammable limit (UEL), % by volume

- lower flammable limit (LEL), % by volume

- short term exposure limit (STEL), ppm

- time weighted average-threshold 1imit value (TLV), ppm
- odor threshold, ppm

o] Concentration Values for Contour Plot

- CC1, a user selected value, ppm

- CC2, odor threshold, ppm

- CC3, upper flammable limit, ppm

- CC4, lower flammable limit, ppm

- CC5, short term exposure limit, ppm
- CC6, threshold limit value, ppm

I11.2.3 Default Options

The ONDEK computer program assigns initial or default
values to all of the input variables listed in Section I11.2.2 with the ex-
ception of the current date, the vessel or place name, and the name of the
gas or vapor being vented. The user must input this information from his
terminal. Default values for chemical vapor properties are furnished as an
example for vinyl acetate vapor. To consider the venting of other chemicals,
the user must replace the default values for vinyl acetate with the correct
values for the new chemical as described in Section 111.2.2; chemical pro-
perties are included in Table IV for eleven common chemicals. In addition
to listing defzult values, the program also lists other typical values for
each input variable as described below.

o} Vent Geometry

- Vent Diameter

0 0.305 m (12 dinches)
0 0.203 m (8 inches) - DEFAULT VALUE
0 0.102 m (4 inches

- Vent Height above Deck

o] 1.0m (3.3 ft) - DEFAULT VALUE
) 4.0m (13.1 ft)
) 6.1 m (20.0 ft), or B/3

- Deck Height above the Dock
0 1.0 m (typical for a barge) - DEFAULT VALUE
) 6.1 m (typical for a ship)

0 Atmospheric Conditions

- Atmospheric Pressure
) 14.7 psia - DEFAULT VALUE

- Atmospheric Temperature
0 520 °R - DEFAULT VALUE
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- Reference Wind Speed

0 1.12 m/s (2.5 mile/hr)

0 2.28 m/s (5.0 mile/hr) - DFFAULT VALUE
0 4.47 m/s (10.0 mile/hr)

0 6.71 m/s 115.0 mile/hr)

- Reference Heigat for Wind Speed
0 10.0 m (32.8 ft) - DEFAULT VALUE
- Wind Speed Turbulence Level

0 20% (recommended for wind generated turbulence at
wind speeds of 2 m/s or above) - DEFAULT VALUE
0 30% (recommended for wind generated turbulence at

wind speeds below 2 m/s, or when above deck struc-
tures and piping produce additional turbulence)

) 0% (recommended only for estimating the instantan-
eous boundary of the plume)

Plume Venting Conditions
- Cargo Loading Rate or Gas Emission Rate

0 794 m3/hr (5000 barrels/hr)
0 318 m®*/hr (2000 barrels/hr)
0 159 m?®/hr (1000 barrels/hr) - DEFAULT VALUE
0 79 m3/hr ( 500 barrels/hr)

- Chemical Vapor Molecular Weight
0 86.10 (vinyl acetate vapor) - DEFAULT VALUE

- Chemical Vapor Pressure
) 90.0mm Hg (vinyl acetate) - DEFAULT VALUE

The vapor concentration at the tank vent near the end
of cargo loading may approach the saturated concentra-
tion of chemical vapor in air. The default value

corresponds to the saturated vapor concentration of
ziny])acetate vapor in air at a temperature of 20°C
68°F).

If the actual vapor concentration at the vent is less
than the saturated vapor concentration, the input value
of chemical vapor pressure should be equal to the sat-
uration vapor pressure of the chemical multiplied by
the ratio of the actual vapor concentration at the vent
divided by the saturation vapor concentration.

For more information on typical values of vent concen-
tration during cargo loading, please refer to Refer-

EC ence 13, Section IV.3.2.

E« Plume Computation Conditions

- - Initial Value for Plume Path Distance

3 o  0.0m - DEFAULT VALUE

E! - Distance Along Plume Path Between Printouts

H o  1.0m - DFFAULT VALUE

3 o 5.0m
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= - Maximum Distance for Plume Computation
3 o 10 m (recommended for 1.0 m vents) - DEFAULT VALUE
= ) 20 m (recommended for 4.0 m and B/3 vents)
0 100 m

- Specified Height Above Deck for Output of Vapor
Concentrations Downwind of the Vent

) 1.67 m (man breathing height)
o} Concentration values for hazard analysis (the values given

below are default values for vinyl acetate. The user must
input new values for another chemical).

- Upper Flammable limit
o  13.4%" - DEFAULT VALUE

-
]

Lower Flammable Limit
o  2.6%" - DEFAULT VALUE

- Short Term Exposure Limit
o 20 ppm™* - DEFAULT VALUE

Threshold Linit Value
o 10 ppm” - DEFAULT VALUE

- Odor Threshold
o 0.12 ppn” - DEFAULT VALUE

a0 ek hER N
]

o} Concentration values for contour plots (default values are
supplied for vinyl acetate. The user must input new values
for another chemical).

- CC1, user supplied value

0 1000 ppm - DEFAULT VALUE (1imit for use of hydro-
carbon vapor canister masks)

"—. M '?' e
. e ’ . .
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v
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- CC2, odor threshold (see above)

CC3, upper flammable 1imit (see above)
F' - CC4, lower flammable 1imit (see above)
E{ - CC5, short term exposure 1limit (see above)
- - CC6, threshold limit value (see above)
ta

T

* CHRIS
** 1982 ACGIH
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111.2.4 Program Qutput

The ONDEK program opens an output file named
"RESONDEK.DAT" and outputs
) A summary of the input data.

0 A table of computed values for the plume variables
and the concentration contours.

0 A plot of plume centerline concentration versus
downwind distance.

0 A plot of vapor concentration at man breathing height
: (or other specified height) above deck level versus
= downwind distance.

- 0 A plot of vapor concentration contours at man breathing
ﬂl height (or other specified height) in the region down-
b wind of the vent.

To illustrate the form of the output data, an example was run using all

of the default values specified in Section III.2 3. Figure 4 shows the
summary page listing the input data values for a loading of vinyl acetate
into a barge. This example assumes that the tank gas atmosphere is vented
through a 0.20 m flame screen in an expansion trunk at a height of 1 m
above the deck.

Figure 5 1ists the values of the plume variables and the
concentration contour locations downwind of the vent. Since the default
value for DISTAN was 1.0 m, output was printed at increments of 1 m up
to the maximum downwind distance. DISMAX = 10.0 m. The table in Figure 5
1ists abbreviations for the names of the plume variables as follows:

S = distance along the locus of the plume axis, m
XCL = downwind distance from the center of the vent, m
ZCL = vertical distance of the plume centerline above
the deck, m
CCL = vapor concentration on the plume centerline, kg/m?
CZCON = wvapor concentration at man breathing height (or
other specified height) (ZCON), ka/m?3
XCON = downwind distance corresponding to the estimate
of CZCON, m
‘ YC1 = crosswind distance, Y, to the concentration contours
e thru corresponding to CC1 through CC6 at = = XCON
: YC6 and Z = ZCON, m
B = plume characteristic width, m
u* = velocity deficit, the difference between the plume

centerline velocity and Uy cos 6, m/s

angle of the plume axis with respect to the horizon,
radians.
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TITLE= EXAMPLE: VAM BARGE LOADING DATE= MAR 16,1983
METEOROLOGICAL CONDITIONS

0 BAROMETRIC PRESSURE=7460. 000 MM HG AIR TEMPERATURE=S20. O DEG R
0O AVERAGE WIND SPEED= 2. 24 M/S AT REFERENCE HEIGHT= 10 00 M
WIND EXPONENT= O 14

o TURBULENCE LEVEL= 20. 00

o

VAPOR VENTING CONDITIONS

oo 000 000

VENT DIAMETER= O©.20 METERS
VENT HEIGHT= 1. 00 METERS ABOVE THE DECK
DECK HEIGHT= 1.00 METERS ABOVE THE WATER

EMITTED VAPOR= VIMYL ACETATE VAPOR

VENTING

MOLECULAR WEIGHT= 35 74 OF GAS AND AIR MIXTURE
VENT CONCENTRATION= 0. 431E+00 KG/ (M*#3)

VENTING FLOWRATE= 159. (M##3)/HR
VELOCITY= 1.36 M/SEC

VALUES OF CONCENTRATION FOR FLAMMABILITY AND HEALTH HAZARDS

o UPPER FLAMMABLE LIMIT (UEL) = 0. 4B88E+00 KG/(M*x3)
0 LOWER FLAMMABLE LIMIT (LEL) = 0. 947E-01 KG/(M##3)
0 SHORT TERM INHALATION LIMIT (STIL)= Q. 728E-04 KG/ (M*%3)
0 THRESHOLD LIMIT VALUE (TLV) = 0. 364E-04 KG/ (M#%3)
o ODOR THRESHOLD (ODOR) = 0. 437E-06 KG/ (M#*3)

VALUES OF CONCENTRATION

Ci1
c2

0000000
0O
H

PRED

ORNBKNDR

1

. 364E-02
. 437E-06
. 488E+00
. 947E-01
. 728E-04
364E-04

[UReReNeNeNeoRe

T

CHOSEN FODR CDNCENTRATION CONTOURS

(KG/M#%3)
(KG/M##3)
(KG/M*#3)
(KG/M##3)
(KG/Mx%x3)
(KG/M#+3)

b FOR A HEIGHT OF 1.46B0 METERS ABOVE DECK LEVEL

NUMERICAL INTEGRATION DATA

o STEP S1ZE= 0. 0406 METERS, MAXIMUM DOWNWIND DISTANCE= 10. 00 METERS

FIGURE 4.

SUMMARY OF INPUT DATA FOR EXAMPLE OF

VINYL ACETATE LOADING INTO A BARGE
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. Both the ONDE3 and the ONDEK4 versions of the ONDEK
model generate graph plots to give a quick overview of the vapor concentra-
tion distribution. The ONDEK4 program, listed in Appendix B, writes an
output file (named SCRATCH) that can be addressed to draw graph plots using
graphics software supplied by the user. The ONDEK3 program, listed in
Appendix C, contains a subroutine names PLOTS that generates graphs using
WRITE statements for line printer or CRT display. Figures 6, 7, and 8 are
plots obtained from ONDEK4 and a graph plotting program. An analogous
series of line printer plots obtained from ONDEK3 are shown in Appendix D,

N Rk . P 3
:'._.' s Lt . .
« e s s .

B - AN
‘e 8 s *

Figure 6 shows the behavior of the plume centerline con-
centration as a function of distance downwind from the vent. The plume
centerline concentration is indicated by the letter C, and the letters U,

L, S, and T represent concentration levels equivalent to the UEL, LEL, STEL,
and TLV, respectively.

Figure 7 shows the behavior of the vapor concentration at
man breathing height as a function of distance downwind from the vent. The
vapor concentration at breathing height is indicated by the letter C, and
the letters U, L, S, and T represent concentration levels equal to the UEL,
LEL, STEL, and TLV, respectively. Like Figure 6, Figure 7 is a semi-log
plot of concentration versus downwind distance.

i e

t’ Figure 8 shows a plot of the vapor concentration contours
downwind of the vent. Note that the horizontal axis corresponds to the
plume centerline, so that only 1/2 of the area covered by the plume down-
wind of the vent is shown. Note also that the vertical Y axis has been
stretched for clarity. Symbols are used to indicate plume concentration
contours as follows:

= (CC1, the user specified value

=  QOdor threshold

=  Upper flammable 1limit

Lower flammable limit

=  Short term exposure limit

SN rrrFCc o -
it

=  Threshold 1imit value
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FIGURE 6. GRAPH OF PLUME CENTERLINE CONCENTRATION VERSUS DOWNWIND
DISTANCE FOR THE OUTPUT EXAMPLE OF VINYL ACETATE
LOADING INTO A BARGE
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II1.2.5 Hazard Assessment

In order to assess whether a potential flammability or
toxicity hazard exists during cargo loading or tank ventilation, the ONDEK
computer programs produce plots of downwind vapor concentration and vapor
concentration contours at man breathing height, or any other height above
the deck that is specified by the use These piots indicate directly
whether the vapor concentration is in tne fldmmable concentration ranae,
or if it exceeds either the STEL or TWA-TLV concentration level for a
particular chemical. By choosing the scaling factor for the plots of iso-
concentration contours to be the same as the scale factor for an avrange-
ment drawing of the vessel deck, the contour plots can be overlaid directly
onto the deck arrangement plan. This facilitates the interpretation of the
spatial concentration predictions.

For the assessment of potential toxicity hazards, regions
of the deck where the vapor concentration exceeds the STEL Timit value are
most significant. The STEL value is the maximum acceptable time weighted
average concentration value that should not be exceeded for exposure of
short (usually 15 to 20 minutes) duration. It is appropriate to compare
ONDEK plume model predictions for spatial concentration distribution with
STEL levels since the model was validated using measurements of the
10-minute time average concentration distribution during actual cargo
loading operations [13].

The experiments reported in Reference [13] confirmed that
vent height above the deck is an important factor in determining the level
of vapor concentration at man breathing height during cargo ioading opera-
tions. The ONDEK computer program can be used t0 review current and pro-
posed vapor venting requirements for chemical cargos. A parametric study
performed for each hazardous cargo will identify the minimum vent height
required to prevent the vapor concentration from exceeding the STEL at man
breathing height fcr a range of cargo loading rates and ambient wind speed.
The results of the parametric study could also be used to provide guidance
on the use of personal protective equipment on existing vessels that do not
have vents of the necessary minimum height.
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II1.2.6 Flow Charts

The ONDEK computer program consists of a main program
PLUME and several function and subrou:ine subprograms. A flow chart is
presented in this section for each program element. It is recommended that
the flow charts be reviewed in combination with the computer proaram 1ist-
ing in Appendix B. The program elements are, in the order of their appear-
ance in the listing,

QROAPASAPLENCLE B4

B~ A

0 Main Program ONDEK
0 Integer Function HAMING
0 Integer Function RUNGE
0 Real Function SIMUL
0 Subroutine RHS
0 Subroutine CSUM
o Subroutine CONT
0 Subroutine START
0 Subroutine INDAT
0 Subroutine PROMPT
3
E
3
4
X
g
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Program ONDEK

r————r—r—

Specify initial default values for input data

t

Open output file for printout of results

&

Enter current date and store in ADATE

!

Call INDAT to enter or modify input data

1

Initialize variables and assign values to constants

!

Call START to calculate initial values for Qoms'

plume dispersion model

Calculate constants and initialize variables for

plot, files

Print headings and initial conditions

3y

Calculate the development of a bent-over plume

420

with Qoms' model

4 410 r Call RUNGE to integrate plume model equations

]

Call RHS to calculate righthand sides of
differential equations for next integration

'

Count = Count + 1
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Store values of plume variables, YR, and
derivatives, YRS, in Y and F arrays
needed for the HAMING integration subroutine

!

Is Count.LE .3 ?

Yes
Y Yes

{ No

Is Y(1.5).LE.DISTA ?

‘No

Compute plume concentration, CONHIT,
at breathing height, ZCON

{

Call CONT to compute locations
of concentration contours

'

Print values of plume variables and
locations of concentration contours

1

Store values of downwind distance,
plume concentration, and concentration
contour locations for plots

i

Reset DISTA = DISTA + DISTAN

!

Is X.GT.

DISMAX ?

‘Yes No

Go to 560 and term-
inate integration

Yes

| Is Count .LE.3 ?

Ne
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